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RECREATIONS. 


PART THIRD. 

V 

CeTitidning varwus p7-o6/cms in MecAantcs. 

After a^ritUmctic ^entnetryj mcchunics is the next 
of the physico-mathcinaticjil heictices having their certainty 
re&tmg on tlte foundittinnsi. rjt'is a science al$o 

the principles of which, when com hi nod vrith geometry, 
are the most fertile and of the mast gcricniJ ase in the 
oLliei iiarts of the mixed mathematics. All those inathe- 
inatfdans therefore who have traced out the dtvdopmezit 
ol mathemiLtical knowledge, place mccbanter iinmediately 
after the pure matheuiattcs, and this method wesEjalMicro 
adopt alsk« 

Wc suppo^^ as ev^y other part of the mathematics 
introJuced£|i&|hU\vork, thatthe reader is a/^quamted with 
the first of the science of wliich vc treat. Thus, 

In regard to niechanics, vte suppose him acquainted with 
the principles of^^Hibrium and of hydrostatics; with tho 
chief Uw6 of motion, &c> For it is not otfr Int^tion to 
toech these principles ^ but only to present a few of the 
VflU II* B 
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THE MOTION OV BALLS* 

most curious ftud remjirkAble proll^lUJAj which Brise from 
them. , ^ 

THOfiLEM Ii 

To came d hcM to proceed in a retrograde though 

it meets with m apparent ob^taclew 

Place an ivory ball on V billiard table^ and give it a 
stroke on the side or back gafti with the edge of the open 
baudj in a dtreetlqa perpetfficular to the table, or down¬ 
ward.-^It will then be sjcen to proceed a fhw inches for¬ 
ward, or towards the side where the blow ought to carry 
it; after which It will roll in a retrograde directiou, as it 
were of itself, and without having met with any obstacle. 

Remabk.—T his effect is not contrary to the well known 
principle in mlllifhanics, that a body once put in motion, 
in any direction, will continue to move in that direction 
until same foreign cause oppose and {^event or turn it. 
For, ill the'present casCi tKe blow given to ,the ball, com-^ 
municates to it two kinds of motion ; one Dj^^waiioii about 
its own centre, and the other direct, by which its centre 
moves parallel to the table, as impelled by the blow. The 
latter itiolioii, on^^ount of the friction of the ball on the 
table, is soon anhiffilated ; but the rotary motion about 
the centre continLies, atld when the former has ceased, the 
latter makes the ball roll on tl^e retrograde direction. In 
this effect, therefore, there Is nothing contrary to the well 
known laws of mechanics. 

11 * 

N/b make a false balltfor plt^fing at nim 

Make a hole in a common ball used for playing at the 
above game; but in iiieh a manner as not A^toceed en¬ 
tirely to the centre ; theii put some lead and close 

It with a piece of wood, that the^ joining tAay not be 
easily perceived* 'Wb^Q haH is towards the 

pins, it will not fail to tnrn^aifde from the proper direo 
tmn, Btileais thrown by chance or 4?4tterky in^iiieh a znaii-^ 
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ncr^' t^t^tbe le^d ib^^ra «3nicl^)? M 


while U)e 1)011 h foiling^ 

Ri£^AiiK.^The liuif? of «U halts used for btl&arda de^ 
pemb oa;_tbi? prinisiple. For* as they »re oil made of 
ivory^ and as,, in every mass of that substancej tbei^ ar& 
always'^otoe parts more soHithan others, there is not a 
single b^l perhaps which has the centre of gravity ex¬ 
actly IQ the ceptie of the h^rc* On tbit account every 
ball deviates inore or less from the line in which it is im¬ 
pelled, when a slight motion is communicated to it, in 
order to make it proceed towards the others side of the 
billiard table^ unless the h^vlest part he placed at the top 
or bottom* We have heard an eminent ma^er of these balls 
declare, that he would give two guineas for a ball that should 
be unifortn throughout \ hut that be had never been able 
to find one perfectly free from the above mentioned fault* 

Hence it happ^n^, that a player strikes the ball 
gently, Ije U^n imagines that he has struck it unskilfully, 
^'played badfy; while hts want of success k entirely the 
consequence of h fault in the b^ll* A good billiard player, 
before he engages to play for a large sum, ought carefully 
to try the ball, in order to discover tb^lieaviest and light¬ 
est parts. This precaution was communicated to us by a 
first rate player* 


PBOItLEM ni. 

Him} iiy comimei a halamt^ which nhaU appear just when not 
toaded, as well as when loaikd with unequal weights. 

We c^fttainly do not here intend to teach people Hoiv to 
ot>maiita fraud, which ought always to be condemned ; 
but merete^.fibow that they should be on their guard 
against fob^telances, which oiten appear to be cicact; 
and that in purchasing valuable 'arricies, if tbej^ are not 
^vell ac^naintud ttte vender, it is necessary to examioe 
the balance^ and to-subject it to tiiah It is possible in^- 
deed to make OQ^ wbibb when unloaded iiharlMw in per^ 
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70 JlAlANCEE« 


-feet eqiiilihrium^ but H-blch Ahallj^j^vertljcleAS be false* 
The meihod ts as follows: 

: Let A.ami b be the two scales 6f a bdam^ aikl let a be 
bearieif ihan b ; if the of the^ oe made of uu- 

t equal leiigths^ in *tbe same ratio as the weights of the two 
scales, and if the heavier scale a be suspend^ from the 
shorter arm^ and the lighter scale B from the longer, these 
scales when empty will be m-cquilibiriiimH. They will be 
tn equStbrium aJso when they contain weights which are 
to each other in the same ratio as the scales. A person 
therefore unacquainted with this artiticc will imagine the 
weights to be erjual; and by these mcan^ may be imposed 
on* 

Thus, for example, if one of the scales weighs 15, and 
the other 16 1 and if the arms of the balance from which 
they are suspended be, the one 16 and the other 15 inches 
in length; tho scales when empty will be in eqoilihrlQfn, 
and they will remain so when loaded with .weights which 
are to each other in the ratio of 15 to 3 6, thelfeaFiest being 
put into the heaviest scale. It will even be difficult to ob¬ 
serve this inequality in the arma of the balance* Every 
lime therefore thaf goods are weighed with such a balance, 
by putting the weight into the heavier scale and the mer¬ 
chandise into, the other,’tlic purchaser would be clie^ted of 
a 16th part, or an ounce in every pound. 

But, this deception may be easily detected by rranspo&- 
ing the weights; for if they are not then in equitibriiim, 
i L is a proof that the balance is not just* 

And inde^ in this wiy the^ true weight of any thi^g may 
be discovered, even by such i &Ue bafaneJe, Tiflimaty, by 
tirst weigj^tng the thing in the ond scale, a^^hen in the 
other for a meah^ propoctlonal the two 

weights^ill be the true qudbtuy ; that is, mtlftSply the , 
of these tfro weights togeffieV, ao^^e the;6quara 
root^ prqducti Thus, if thid^ VeighId ounces 
in the oa^^feale, and only in the other: then the pro- 



5 


CEKT&B OF ontVITt* 

duct of 16 mtiltipliett 14 is 224^ tffe root of wKofc 
gives I4|i' for the true jiveight, or nearly 15 oortc^p Or 
indeed the just weight is found nearly by barely adding 
the two numbers together^ and dividing the sum by 
Thus 16 and i4 make 30, the Half of widch; or 15, b thfe* 
true weight very nearly. ^ 

j- 

FAOBliBM IVp 

To^nd the centre gravity of set}eral meighis, ^ 

As the solution of various problems in mochanitis de¬ 
pends on a knowledge of the nature and pl^ce of the centre 
of gravity, we shall here explain the principles of its 
theory* 

The centre of gravity of a body, is that point around 
which all its parts ate balanced, in such a manner, that if 
it were suspended by that point, tlie body would rcinain 
at rest in ^very position, in which It might' be placed 
around that |j^int« 

It may be readily seen ttjat, in regular and homogeneous 
bpdies, this point can be no other than the centre of magm^ 
tude of the hgure, Thui; the centre of gravity in the 
globe and spbergid, is the centre of fhese bodies) in the 
cylinder it is in the middle of the^oxis. 

The. centre of gravity between two weights, or bodies 
of dii^rent gravities, is found by dividing thedwtance be- 
tweett thdr points of suspension into two parts, which shall 
be inversely proportional to the weights) go that the shorter 
part flhjill be next to the heavier body, and the longer part 
t^ward^ lighter* Tbl^ is theprinciple of balances wi^ 
iwe^pal ^7 means of which any bodies of diSerent 
wf^hts with the same weight, as in the 

steely^*,/ / ' 'V,. 

y^n^tb^e^mre^several bdifi^, the centre of gravity of 
tWi^ pf ^eip fou,nd by the above rule; tjiese ^two 

are then auppos^^^o be in that point, a||^the com- 
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mn centre of gravity between tbe^ End tile third id to be 
found in the Bame manner, and so of the rest# 

Let the weights A| b and c^ for ekacApte^ be saspetided 
hotn three points.of the line or balEn^s df (ph I fig* 
«wtikfa we vba)! suppose to have no weightt Let the body 
A weigh JOS pounds; 3 144, and c X80; End Jet the di* 
stance OEbe U inches, and ef 9. ' ' ' 

First Bnd the common centre of gravity of the bodies b 
and c, by dividing the distance ef, or 9 inches^ into'two 
parts, which are to each other as 144 to ISO, or as A to 4, 
These two parts will be 5 and 4 indies; the greater of 
which must be''placed towards the stnaifer wCigh^i-'tlie 
body B being here the Jttiialler, we shairhuve eg equal to 
5 inchtiSjand fo to 4; consequently no will be 16. 


' If we now suppose the two weiglits b and c, ignited into 
one in the point a, and cjoti'lequcntiy equal in that ^int 
to 324 pounds^; tlie distance dg, or 16 inches, mui^t be di^ 
Tided in the ratio of 108 to 524, or of i to 3, :Oue of these 


p4urt^ will be 13 and the other 4; and as a is the leas weight, 
DH must be made equal to 12 inches, and the point k will 
be the common centre of gravity of all the three bodies, 
required. , ' 

TTie result would have been the same, had the bodies A 
and fi been first united.^ In short, the rule is the same 
whatever be the number of^ the bodies, and whatever be 


their position in the same straight hne, or in the same 
plahe'»' ‘ ^ ^ V 

This may suffice hete in Tigard to the centre of gravity . 


raviiy. 

But fnr many curious trbrlf^ dbdUced 
tibn, recourse may be h4<} to^books #bicb 
chanids. Wdsbainidwevermcntion dneficai^BlptibcipTc 
in this science deduced from 

d ' ' ' ' i 

i^vtrat bodi£j or ^ fy £i>m* 

municating moti>n t& each centre 

gxw^ rtmoins ulrest^ or'dm noi deHl^ JMin fAe 
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Jin#, Tieiiijker rUff^ 

then be m equiUhi^ 

.Tpo ^kmonsfi^i^oii ,of thb prip^pl^ b aJqo&t.fyideEit 
^rom its ^nuficktion; and it may b^ emjiloyed to dcipon-^ 
^^ratc aU th& property of machines. But yfh 
tbe ^plication of it tg tW reader, ; 

'" ^ L ^ P P 

RfHARK,—^As this is. the proper plaeoj we sitall here 
dischargeprpmisc made in the preceding vol^^e^ prolbr ^ 
73 Gcofn. yiZf to resoJvc a geometrical prf^lem, the solu¬ 
tion of which, as we said, seems to ho only dedncibje from 
the property of the centre of gravity. 

Let. the proposed irregular polygon th^n be 
(pL 1 fig. 2 Nop l); the sides of which arc each divided 
into two equs.1 parts, in a, i, d and c, from which jo* 
$uljt9 a new polygon abcdeui let the sides of the latter 
he jeach divided al^ into two equal parts, by the pojpts 
rfj which when joined wdl give a third pfjygcp 

a* bW df 0^ a* i and so on. In wliat pomt Wli^Jhis dirbion 
terminate? 

To «o1tc this problem, if we suppose equal wcig^t^ 
placed at a, c, dy e, th^ common centres of gravity will 
be the point required. Bat, to find this centre of gravity, 
we must proceed in tho foliowmg manner, wbiGj^4$ ex¬ 
ceedingly simple. First draw ab (fig. 2 and Ij^t 

the middle of it be the point/,- then draw/#, and^dMde 
jt ill gf in such a manner tbat/^ shall be Oiiq third pf bi 
draw also and let gh be the fourth of it j in the 
place, draw hemd Jet h ihe the fifth of it: fhe weight e 
JU^ng t^e, point may be demonsprat^ from 

what baa l^eeB b^orc ^aidi, will be the centre 9i grarity.pf 
the five weighta placed at i, c, d and ti and will 
soire the ^^npoaed pfoblm.. 

FgaiisM T- 

. a^km «. burihpn, ^ meam^ a Iffcer ur 
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which ihe^'suppori at the 
much rf the weight is home hf each p&smn 

\ It may be readily seen that| if ttic litreight c wet^ exactly 
in the middle bf the lerer ab (pi. I 0gt 3)> the tWd per^ns 
.would each bear one half. But if the Weight b nbt in the 
middle^ it can be castly demonstrated, that the parts df the 
weight borne by the two persons, are in the reciprbcai 
r^itio of their distance from the weight. Nothing thcO ta 
necessary but to divide the weight according to this rating 
and the greater portion will be that supported by the per« 
son nearest the weight, and the least that supported by 
the person farthest distant. The calculation may bo made 
by the following proportion: 

As the whole length of the lever ab, is to the length 
AE, so is tbe whole weight, to the weight supported by the 
power or person at the other extremity a; or as a b is to 
BE, #o is the whole weight, to the part supported by the 
power or person placed at a* 

If AB, for example, be 6 feet, the weight c 150 pounds, 
AE 4 feet, and be 2, we shall have this proportion; as 6 
18 to 4, so ia 150 to a fourth tei|pj which will be 100. The 
person placed at the esstremity b, will therefore support 
100 pounds, and consequently the one placed at a will 
have to support only 50^ 

Remark, —The solution of this problem affords the 
means of dividing a burthen or weight proportionally to 
the strength of the agents employed to raise it. Thus, 
for example, if the one ha^ oniy half the strength of the 
other, nothing is tmeesskry b^t to place him at a 
from thei^eight double to ttmt of the other; 

problehvi, , . 

Sew 4, 8, 16 cr 32 tnen iii$fri6ute4 fn such a 
as to carry, a considerahU burtken,^wUh ease, 

IF the burthen can be carried b,< 4 IwvjAg 
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made it to the middle of & itver a li 1 6gw 4) 

cause the extremities of this lever to on two shorter 
qfi^B CP ,and £?, apd filace a man at each, of the points 
c> and p; it is oxident that the v^ eight will tbeii be 
equally dihtrihuted among these four persons^ 

If S men are required^ pursue the sane method with the 
lexers cn and xf^ as was employed in regard to the first; 
that is, let the extremities of cp be supported by the two 
shorter ones ab and e d; and those of ef by the levers e/' 
and gh ; if a man be then stationed at each of the points 
(tf bg c, df gj h, tfiey will be all equally loaded*^ 

The extremuies of the levers or poles ab^cd, and 
ghf mighty in like tnanner, be made to rest on otliers 
placed at right angles to them: by means of this artifice 
the weight would be equally distributed among X€ men^^ 
and so of any other number. 

We have IjOiird that this artifice is employed at Con¬ 
stantinople^ to raise and carry tlic heaviest burtlicns, such 
as cannons, mortar'll enormous 'ttones &c. The velocity, 
it is added, with whicli burthens are transported from one 
place to another by this mmhod is truly astonishing* 

PROBLEM VII, 

rope ACw (pi, 1 fig- deierminate Imgth^ being 

madefdsi both endsy hut mi sireichedy to iwo points,of 
uneftuil heig/U^ a and d ; what position will be assumed 
by ike weight p, suspended/rmn a which roUsfredy 

on tha^ rope f _ . 

From points a and^n, let fiiO the indefinite vertical 
lin^ AH and then from the point a, with an opening 
of the compasses equal to the length of the rope, dewnbe 
an arc of a i^rcle, intersecting the vertical line dg» in e ^ 
and from the point s describe.a similar arc of a circle, in- 
teraecting the y^tical line An in p; if the lines as and bd 
b«.tbefi point o, where they cut each other, 

will give the position' of the rope acb, whea^the weight 
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has asaniniGcl that poBitu^n in Mhicb it. mutt and^tbe 
potni € wilt he that in which the (lulky will settle, fot it 
may be easily demoiutrated, that, in tintf situatioQ the 
weight F wilt be in the lowest position possible, whioh tp 
, an invariable principle of the centre of gravity. ^ ^ 

PROBLEM vm* 

3h €mts€ a pail full waUr to be supported a ^tick^ me 

half of *u>kich or tests on the edge of a table. 

To make the reader comprehend properly the melliod 
of performing this trick, in regard to equitibrium ^ which 
id but ill explaiued in the old books of Mathematical Re- 
creations, both in the text and in the engraving* we have 
given, in the Cth figure of the Ut plate, a section of the 
table and the bucket. 

Ill this figure, let ab be the top of the table, on wfiich 
is placed the stick od. Convey the Ijundle uf the bucket 
oTOr this stick, in such a tuanner that n may rest on it m 
an irichnod position; and let the middle of the bucket be 
within the edge of the table- That the whole apparatus 
inay be fixed in this situation^ place another stick ofe, 
with one of its ends resting gainst the corner a of tbe 
bucket, while the middle part rests ugsiinst the edge v, of 
tlie bucket, and its other extremity against tlie fii'st stick 
CD, in B, where there ought to be a notch to retain it. By 
tfaese means the bucket will remain fixed in that situation, 
without being able to incline to either side ■ and if noif al* 
ready full qf water, it may be filled with safety ; for its 
centre of gravity being .in tbe vertical line passing ;|tbr4iigh 
the point w, which itself meets wkh the k i»evidefit 
dmt the case is the same as if tlm pail were.auapeuded fhim 
<the point of tbe table where it b met by tha^vertioalv It 
is aJifQ evident that the stick cannot slidethe iobie, 
nor move on its edge, virithout raising the.|}eiitreof giiavtty 
of the bucket, and of the water it contain. Tbe'beavi^r 
theraforw^u, the greater will.be tlyp^atabilUy. ^ ^ ' 
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REMARKf^AocordLti^ to this principle^ yftHoo* Other 
trick* of the sdine kind, which are generEUy proposed io 
book* on itiecbatiica, may be performed. Tor eicataptev 
provide a bent book ogp, as seen at the eppoaite cod of 
tbe same bgorCf and iniert the part, ib the pipe^c^f a, 
key at D, which oiuist be pJaced on the edge of a table; 
from the lower part of tbe hook suspend a weight o, and 
dispw the whole in such a manuer that the vertical \me 
GD mky be a little within the edge of the table. When 
this arrangemerLt hfis been made, the weight will not fall, 
and tlie case will be tlie same with the key, which bad it 
been plncod alone in that situation would perhaps have 
fallen ; and this resolvesihefollowing inechanical probiem, 
proposed in the form of a paradox: ^ hoify heating a 
imdan^ to fait by iU wight^ hcfW to prevent it fr&m 

fitting^ bj/ adding to it a weight on i/te same side mt which it 
tends to falL 

The weight indeed appears to be added on that side, 
but in reaJity it h on the opposite side, 

FEOBLI^M i3C, 

To hold a stick up-ight on'Tlhe i^p of the finger^ wUhmi its 

being oi/c to Jaii* 

Aflix two kmves, or other bodies, to the c^tromit^ of 
the stick, tii such a manner that one of them may incline 
to one side, and the second to the other, as seen in the 
figure {pbS fig, ?): if this extreitaity bo placed On the tip 
of the tinker, the stick will keep itself upright, without 
fklbhg V and if it be made to incline, it will, rais^ itself 
agkin; and recover its ftnrmer situation^. ' ' 

■ For' tIlia' purpose, the centre of gravity of Uie two 
freights add^f and of the stick, must be below tfan point 
of aUspension,'gr the o'xtremity of the stick, and not at the 
E* attfBVtod by Ozaiiani; for in that eai;o there 
urtnitd be BO stablHtj^/ ^ 

It b tberatue priiloiple that keeps in an upright position 
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those sm^tfiguves fnmiahed with t*vo e«wMcr- 

baknce them; and which are made to t^rri and bidanct^ 
wikiie the point of the foot rests on a sinalt bafl^ Jooto/y 
plajced on a sort of stands Of thU'Mnd hi the smaJ^ 

, J> (fig. S pi. 2)^ supported on the stand by a halt e, 
through which passes a bent wi^e, having to its 

extremities two balls of lead o and f. The centre of 
gravity of the wholej which is at a con^efabla 'diltance 
btlow the point of support^ maintains the figure upright, 
and make's it resume its perpendicular position, atfCr it 
has bet'll tncittied to either side' for this centre tends to 
place itself as Jow as po^^sible, which it cannot dO without 
making the figure stand upright, . 

Bjt the same mechanism, three knives may be disposed 
in Bitch a manner as to turn on the jioitit of a needle; foir 
being disposed as seen in the figure [fig. 9 pb 2) and pladed 
in eqtfUibrio on the point of a neei^e held in the hand, 
they cannot fall, because their common centre of gravity 
is far below the point of the needle, which is above the 
point of support. 

FttOBLEfi X, 

TV comtri^i a^urej^hich^ with&ut an^ camterpdise^ shaU 
alwi^s raise iistflfujjiriffAif and keep in ikai pcsiiion^ ar 
regain tt, hmeuer it may he disiutbetL ^ ^ 

Make a figure resembling' a man of any tubstance ax-# 
ceedingiy lightj^eh as the pitb of‘the^liW tree,itfhit;h 
is jtoft and can be easily cut into any form ai^leaattre. 
Then prof^ /or it .an bcmupherkal base pC bdIdo veiy 
heavy flob^iMce,'SUcb ae.leaii;^ Thd half of a T^adua bullet^ 
made very smooth on dke conveoE par^'wilkiK*^|i^oper,:^r 
tbispurpo^*. If the figure be. cemented to tliik plans 
oftnis l^piKSphere; then, irr^jwhatever^ pautkm H^i^^ 
placed^; a» soon as U is-left to tipcat 

IQp). $}; because thelucutro bfIgr«fte3r'oC ittlnsilit'*' 
s^erieaf base being in th^ axis, teiris to^.ftppEOfeiL''|ho 
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AS m&ch M possSbki^ and'tjuft cafr new 
be theiC^ tilt axi# becomes perpendieebr tQ.tli^ 
bprizoti^ for^tbe Sioalj %are above scaTcety^d&rangeR it 
/jpam Its plftoe^ on acaotint of the disproportion between its 
nneigbt tUiddiat ofits base. 

In this a^aoner, were constructed those small %urea 
called ProsdanSj. sold at Paris some years ago. Tb^ 
were fanned luto^battalionst being made to fall down 
by drawing a rod over them, they immediately started lip 
again as soon as il tras removed. >. 

Screens of the same form iiare been-since invented, 
which always rise up of themselves^ when they happen to 
be pressed down. 

PROBLEM XI. , 

^ a rope acb, to the extremities of mhkh are affixed the 
given weights p and g, he made to pass over fwo puU^s a 
and B; and ^ a weight R he suspended from the pmfU c, 
hy the cord kc ; what position will he assumed ike three 
weights and the rope acq 1 (%. U pi. 2). 

In the line «£ perpendicular to the horizon, assume 
any part a c, and on that part ah a base, describe the tri- 
ouglo adc/itk such a tnatiitcr, that a c shall be to f d, as 
the weight r, to the weight v j nud j^hat a c abaJJ be to tf d, 
as R to g; then through a, draw the iiidefinttc Hne ac 
parallel to ed; and through a, draw bc, parallel to a d: 
the point e, where these two hues jnter£»ect each' other, 
will be the point required,'atid will give the position acb 
of the rope* ^ * 

Far, if dn 3G contiiiaed we assume cd, equal to a c, 
And describe the parallelogFAm ejdpc ; it is endent that 
wMba^l baye cv and ge, equal to c d and & d \ and there* 
£tm the tb^ \mt% ec, co, and cf will be as,the weights 
p,^E. and'Q^ ctHMoquendy tl|e two forces acting from c to 
fr<MB c to in the direvtiou'of the lines 04 and 
09^'will be in ^e^nUbtio ^tth^tfaQ force vhtcb acts 
e towwh M* ' ' * 
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Hbmahksw^UU ^If the ratio of the wetgbCs 
that the poiot of intersection € shoold^&lf on the lifts A'ri, 
or ehove it, the problem io this caae irould be impoi^bTe.r 
The weight or the weig^ht overuotfto the other 

two in Buch a manner, that the point o would falf in b or 
A; 90 that the rope w^onld form no angle; 

Tltese weights! aUo might be Bach that it tvould he itn-* 
posdbJo to conBtruot the tiian^e a c df/^ if dtie bf th^ 
Were equal to or greater than the other ti^o taken together; 
for, to make aHriangle of three lints, each o^ thetn rtiuit 
be less than the other two* In that case we ought to con* 
elude that the weight equal or superior tlie other two 
would overcome them both, ao th^ no equilibrium could 
take place* . > 

2d. If in^itead of a knot at c, we should suppoite the 
weight ft suspended tVom a pulley capable of rolling on 
the tbpe ACB, the solution would Ijie still the satne^^ for 
it Is evident tbatj things being in the same state as in the 
first case, if a pulley were substituted for the knot c, the 
cqttilTbriiiin would not be destroyed. But there would be 
one Utnitation more than in the precedicase. It would 
be necessary that the point of mterscction, c, deteritiined 
{ts Abote," should fii^4>elow the horizontal line, diAwn 
through the point n; {otherwise the pilllcy irould roll to 
the point B, as if on an inclined plane., ' ' " ' 



, ThaqjpiffjsBion wjiicb Arcipmedps 

king js^wcH knoy^, and 'p^rti 5 ^||^|)r 

“ will more the^ ^anb fjrpnii,iw j3li^oep"„,,TJiii affqpds 
tor a very curious 
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tnucb ti^ ArchtJn^es Vouki liave r^ulret^ to mOTe 
tbe e^th dMv odetridb^supposing bu machib^constructed 
and matbuiTiiitioany perfect ; tlutUtosay^witbotit friotiop, 
w^fclio ^t^gratTitjr, and Ijti ■ com plete ^uilibruim. 

For tbis purpoj»e, we slialt suppose the mattet of Miioh 
the earth is composed to weigh SOO^ounds the cubic foot; 
being'the nysan weight neatly of stones miKed with me- 
uUic tifobsUnCes, ^ch in nit probabthty as^those cootaiaed 
in the bowels of trw; earths If ,tbe diameter of the eairth 
be 7930 miteSj the wiiole globe will be found to contain 
261101411765 cubic miles, whicli make 1423499J203S2j- 
44640000 Cubio yards, or 38434476263828105280000 cubic 
feet; and allowing 300;pounds to each cubic foot, we shall 
have 115303428751486115S4000000 for the weight of the 
earth in pounds* 

.NoW| we know by the Jaws of mcchanicia that, whatever 
beth^cQnsU'uctiaii macbiiiu, the space passed over by 
tbe weight, to that pn!»^d over by the moving power, 
jn the reciprocal ratio of ih& latter to the former* It la 
known ali^o, that a ^man cau act with an ciFort equal only 
to about 3Q pounds for eight or ton hours, without inter- 
mission, and wjt!! u velocity of jbout toooofect per hour. 
It we suppo^ the niacEiine of ArcJitnl^es then to be ptit in 
motion by njcan^i of a cri^nk, uTid that f orce continually 

applied to it is equal to SO pounds, tht^u with the velocity 
of lOOoD feet per hour, to the earth one inch, the 

moving pow^r must pass over the space bf 38434476^638^ 
2B7052SOOOOO inchest and^if^ tfiis. space be divided by 
lp(XK> feet, ^ 12COOO inches, vve.shall have for ,quotient 
1^37x5140, which will he tJje^umber of hours 
liiqttired foc^ this motion* But as a^ year contains S766 
a ceBtury wfll cbntain 876600; and if we*divide 
th&^above htmrV by the Liter, the quotient, 

96j^74$l76^3^'^()l l^e^fhe n^tnb^ Snf centuries during 
Vbufd“be'^hecess»^y to make the crank df the 
niatitiiiie OontiteUljttQ^/in order to moVe the earth only 
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one inch* Wc have omitted the fraclioti century^ as 
being of little consequence in a catculfUion of this 

PUOHLEM XTIT* 

With a vfty stmU fuant^^ of watery such ns aj^tiw pounds^ 
to produce the eff&^t of several thousands. (Plate J fig-12)* 

Place a cask on one of it^ ends, and tmake a hole in the 
other end, capable of admitting a tube, an inch m diameter 
and from IS to IS feet in length; must be fitted 

closely into the aperture by means of ])itcb or tow. Then 
load the upper end of the cask with M^vefal weights, so 
that it shall be sensibly bent downwards; and having filled 
the cask With water, continue to pour some in through tlie 
tube. The effort of this small cylinder of water will be 
so great, that not only the weights wlilch pressed the 
upper end of the cask downwards will be raised up, but 
very often the end itself will be bent upwards, and form 
sAi arch in a contrary direction, ^ 

Care however must be taken that the lower end of the 
cask rest on the ground; otherwise the first effort of the 
water would he directed downwards, and the experiment 
might seem to faih i. 

By employing a longer tube, die upper end of the cask 
might certainly be to bursL 

The reason of this phenomenon may be easily deduced 
from a property peculiar to fluids, of which it is an ocular 
demonstration, yiz, that wl^n they press upoiia'base they 
exercise oti it an effort proportioned to the breadth of that 
base multiplied by the height. Thu.s though the. tube 
used in this experiment coitlains on^about JJO or ^80 
cyliudtic jmehes of water, the effort is the.same if the 
tdbc equal in breadth to the cask, audit the eatue 
time 1$ or IS feet in heighu 

m^phitije it here uippofcd to be in vtjiOb > it 

^ould he wnrXtd tHilj B hattie eiicb d#j| the t[a» reqiu^ vfwLd be thre* 
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Another Metied, {Plate 3 fig-isX 

SusfMmd trom a^^iok, well fixed in a 'va]If X>r an^ Hhtt 
firm support^ a body veighing. lOQ pounds or more; t\\eR 
]^ovidis e^Tedsel of a 4 ofi dim&naiona, that between,that 
body a[)d tta^des^ there sliail be room for only oix puuitd 
of water; and let the vessel be suspended to orte of ibe 
arms of a balance^ the otner arm of which haa saspettded 
fbom It a scale, c^taining a weight of pounds Poor 
a pound of water into the ve$sd auspeoded from the one 
arm of the balance, and it will raise the scaJe concuming 
the LOO pounds. 

Those who liave properly comprehended the preceding 
explanation, will find no difficulty in conceiving the cause 
and necessity of this for they are both the aamct 

with this difierence onlvj that the water^ instead of being 
collected in a bylindric tube, is in the narrow interval be¬ 
tween the body l and the ve^^seJ, which surrounds it; but 
this water excrciiies on the bottom of the vessel theH^tne 
pressure fHai it would expertence if entirely full of waters 

* jimther Method, 

Provide a cubih foot of very tlry oak, weighing about fiO 
pounds, and a cubical vessel about al^o or two larger every 
way. If the cubic foot of wood be put into the vosi^j, and 
water be poured into it, when the latter has risen to nearly 
two thirds of its height, the cube will be detached from the 
bottom, and float Thus wn see a weight of about 60 
pounds oveneoime by h«lf-a-pound of water and even lesA,. 

H«MABK>^Hence it ag^rs that the vulgar are in an 
v^j|bn they uUbgioe that a body floats more readily 
iif'lt of water timi;; in a small one. It will 

ali^a fioatj^^provided there be a sufficiency to prevent it 
fieoai touchbig the bottom* If vessels ate lost at the mouths 
ol ls%dbMDauae the wotor is too shallow; but 

are I^ded w much, as to be almost 
t^ady to iftok, CTCU In salt water. But as the water of the 

VOI** II, c 
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sea is^nearfy n 30 th part heavier eliaai^^fr«ih^'ir)i 4 er, when 
^ ship pas«€i 3 from the one into tb& othor^ it j 3 iq 8 ^:s|nk 
tqioreandgo to the bottom. Thosy an ogg^^bich Blob 
in fresh watcri wiH float in water wbich holds lo salutioti a 
' great deal of salt. t 

1 The principb on which the foregoing eKperiments 
p^rfornied^ ij other than the famous hydrostaticaL 
pgurado 3 C, and on^hich principle Mr. Bramahi an tiTgeilkiu& 
engine makerj has in rented a new power, in nneebanio^f. 
of^ such ciHcacy as to raise, with great eas^> the bearaat 
loadsj OF crush the hardest bodies* ^ ■ 

•i 

■ L 

PROBLEM XIV, 

' ' 

To find the meight of a cubic foot of water* 

To know the weighrof a cubic foot of water U one of 
the most essential elements of hydrostatics hydraulics j 

u *■ 

and for that reason we shall here show how it may be ao** 
Gurately determined. 

Proridc a vessel^ capable of containing exaeffy a cubic 
font, and having lirst weighed it empty, weigh it again 
when Ailed with water. But as liquids always rise con¬ 
siderably above the edges of the vessel that contains them, 
the result in this ca^ will not be very correct. There 
are means indeed to Teinedy this defect; but we. are 
furnished with a very accurate method of doing it by 
hydrostatics. 

Provide a cube of some very homogeneous matter, sqch 
aa metal, each aidf of which exactly 4 inches; weigh U 
by a good balance, ip order to ascertain its, weiglrt, within 
a few grains; then suspend irliy ii»djair, or synng.^«i{k 
tbread, from mic of the scales of the saoie b^lanc«} and 
again find ,weight wffen immersed in wa^,** 

taught by h^^drostaticfi that it will lose exactly 
weight as the weight of an equal voIuu^&oif'M^ef,^ 
diflerenqe of these two wfigbls tbeteforu^willfbe 
of a cube of water, each side of which i 4 
27 th part of a cubic foot* - . > 1 > 



TO IBS WBiaBT.OP U^UOSS* 

' KTevy .gpnofltprecis^ is not xequlred^providt a,cube ot 

nctaagnbr pAf^Mopipedoni of ^jf^boEnogoneous fmiuctr^ 

i^bter siicbj for exampJe^ as mroOd; 

baritig^TweighecI it as accurately as possible^ ifndi6i«a it 
gently iri water ^ in such a manner that the water mny not 
WOi> it above that point at which it ought to float abbve 
the liquid. We shall here suppose that iHp (fig. 14 
isitbedinei which exactly marks how nmch-of it is ini'' 
mersed. ,Find the content of the solid abcdmi^ by multi* 
plying its base by the height i the product will be the 
volume of water displaced by the body; and thia volume^ 
according to the princi]>les of hydrostatics, must weigh as 
much as the body itself. If this volume of water be *i2Q 
pubic inclieSj for example, and if the weight tif the body 
he 3€"04id pounds^ wc couseqiicntly know that 720 cubic 
inches of watplf weigh 26*04 Lt! pounds. Hence it will be 
easy to detern^ine the,weight of a cubic foot, which coa^ 
tains nas cubic inches* Nothing is necessary but to 
make this fhroportLon: as 720 cubic‘inches are to so 

are 26*04t6 pounds to a fourth term, winch will be 6M 
pounds, or €2 pounds and a half; which therefore is thp 

i 

weight of the cubic loot of water. 


Two ItguoTs being given; to determineof them is tlte 
* lig/ildst. 

This pttiblem is generally solved by means of a** well 
known instrument called the Areometet^^or Hydrometer* 
Thlft'^inatruTUeht is nothing else than^ sinall hoi hi w ball, 
joined to ^ tube 4 iucnes in length (fig* IS pL 3); a 
few grains of shot, or a little mercury, put into the 

bali, the whole is so combined,^hat m ii^ater of mean 
gravity, the smalf ball and part of the tube tu e immersed* 
It inay now l» readily conceived that when.the instru- 
h put m/m any fluid, for river water, care 

JiDQil bu tak^Ao observe how far it sinks in it; if ft be 
^ c 2 
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tf&tn pkced m another kmd of w^itor^^siirfpiSr’aOft 

f^fUSa^tiCtf it wiW wiH: ; and if 

l^tcf than the first, Hiicb as oil fot^ ex4itlpli^tt^tf'iSnic 
Thvts i can be easily dat^rmitnd^i 'mtllOtlf^* 
balanita^ ivhich of two liquors is the heariCT or 
Tfah initmment has commonly on the'tabe e£ gradt]tal^ 
scale, in order |gBbow how far it f^inks in the ' 

But this instmnent is Jar inferior to that prea^ntCit/ib 
1766, by M; de Parcicux, to the academy of scic^ce^i ihd 
yet nothing is simplan This in^triiment codsista bf b' 
slftall glass bottle, 2 inches or 3 inches and a halfi at'iito^, 
in diameter^and from 6 to 8 inches in length. The bott^ 
must not be'bent inwards, lest air should be lodged in the 
cavity when^it is immersed in any liquid. Tl^ inouth^ia 
closed with a very tight cork stopper, into wbi^ is fixed, 
without passing through it, a very stratghtj^n wire, 25 ot 
30 inches in length, and about a line in diameter. The 
bottle b then loaded in such a manner, by introducing ihto 
it "grains of small sbor,^hat the iostruinent, whej^imm^faed 
id the lightest of the liquors to be compared, sinks so to 
leave only the end of the iron wire above its surface, dUd 
that in the hewiest the wire is immersed some inchfes. 
Tfab maybe properly regulated by augmenting or dimt- 
nixing either the wei^t with which the bottle is loaded, 
or theMiameter ofl^e wire, or both these at the same tni^. 
The instrument, when thus constructed, will exhibit, 
very sensible manner, the feast difference in the specific 
gravities ^of drff&pent liquors, or the changes which the 
same liquor may d^J^riencc, i^this respect, under dtffeV'^ 
ent circumstances; as by the efihcl^'of h»Lt, or by "the 
mixture of various sah^: &c. ^ ^ ^ ' 

“ It may be^^H^dily ctmeef veil, titet' bopSr^tmTtSpWft^ 
mimts of^s kind, tt will be 

a suffidibtit depth, such as a cylinder df'tin'^plato/^'or 4 
inches^fi^diametcr, 4 feet in length. ‘ ^ ' 

We have seen an instrument of this kind the movemctit 



of;f,wluch,.WA^60 n^nsiUc, tfadt vrhe^ icnmersqA 
to tb9iiisu|il.tciopQratuT% il 

lirlMl^t^r^oftfaesun fell opoottho wvter^ aodjoai^i^;'^ 
oo t)pe.rayB of lhat liiniiwy||ein^ inter^^ipt^. 
fiiuall qu^ti^ of salt or sugar^ thrown ijTita tl^ 
fEfttc^j,inade it also riso sofqe incbos. 

By motpis of this iostruo^Dt^ M. do Parcieux examified 
th^graTity of^^flferent kuifls of the mo^ Wehtated waters) 
t^ong,which was that drank at Paris; and he found 
th|^ lightest of aU was disliUcd w^ater. The next in si|c» 
i^eesiofit a^drding to their lightness, were as in the follow* 
jifig'pider; viz, the water of the Seine, that^f the Loire, 
dut of Yvette, that of Arcueii, that of Sain^Beine, that 
of Villc d'Avray, the Bristol water, and welLwator* ^ 

^ Wa hei^e see the error of the viiJgar, who |niagliie that 
^ water of^^lte d'Avray, that of Sainte-Rmne, and that 
of Brttto], pa^cnlarly the last, hrought to Pmnee, at to 
g;^eat ex pence, are better tliaii common rivef water; for 
they are^^n the contrary, worse, jmee they are heavier. 

{f diSerent kinds of water differ in their gravity^the 
case is the same with wioes also. The lightest of all the 
^own wines, at least in France, is tha^ Khenisb. The 
pi^xt jn succession are Burgundy,/ed Ctiampagne, the 
wiiies of Bonrdeaux, X^nguedoo, Spain, th^ Caiiaries, 
4;ypru^, &c. 

^ ^ Some years ago wc saw, expo^d for s;de, an O^meter^ 
qr instrument for measuring the different degrees of the 
gra^vity of, wines. It consisted of a J^lJow eilver ball, 
jqjuicd to a small plate ^f^he same 3 or 4 inches in 

ljGmg|h,j^d a line or a line and s halftu breadth, on which 
were marked thedividons that iudicared how far,the in* 

to sink into the'^Scrent of wine, it 
yeadily^Bii that tbii was only tna common «i«o- 
p^^eter^cotaa^ructed .of silver.- k . , 

The Tightest, of a)} tbei knowFi liq'uora is ethers The 
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otherM, which follow in the order of gravity, are, slcdhof, 
oil dfeurpentiiic, dlst'^ed water, rain watfer^lver wtite»"i 
spring water, well water, mineral waters, tfe 

tobleS|^nr>execl this part of the work, the re^er trtii 
- find one containinjr the specific gravity of various tiqudirs, 
compared with that of raiu water; which," being the easiest 
procared, may ^rve a*? a common standard, and also the 
gpecitic gravity iSl the dtHferent solid bodies, whether be^ 
longing to the mincrul, vf^getable, or animal kingdom ^ 
which will doulitfess be found very useful, ^ it is triten 
necessary to havo recourse to tables of this kind* 

M the following rules, for calculating the absolute 
gravitv, ill English troy weight, of a cubic foot auH inch, 
English of any substance, whose speoibc gravity 

is known,^tay be of use to the reader, the Translator has 
thought pj'ic^r to subjoin them to tlhsj^ticlc of the 

n jT 
A 

Jo 169C, Mr. Lherard^ balance niaker to the Exchequer, 
weighed betore the cSfemtssiouers of the hpuf^ of com-» 
monSj 2145*e cubical inches, by the Exchequer standard 
fuDt, of distilled water, at the temperature of 55“, of Fab^ 
rcnheit,and fouiVd that it weighed 11 SI oa. 14 dra, Troy, 
of the ExcbeiiuLT standard, Tfie beam turned with € 
gramij, when loaded with SO pounds in eacli stride* Hence, 
suppoiiiOg the poui^^averdupois to weigh 7000 grs* Troy, 
a cubic foot of water weighs 62{ pounds averdupois, or 
1000 ounces aver da pois, wanting 106 grs. Troy* If the 
Specific gravity of ^ ater therefore be called 1000,'the pro^ 
portiouai specific gr^kies oH all^other bodies will express 
nearly the nuuibur olaverdupoh; ounces in a cubic foot* 
Or, more accurately, supposing the specific gravity of 
water ^pressi^i^y I, aitff that of all other bodies in pr<s 
portional tminbers, as^the cubic foot of’Jfeiter weighs^^frt 
the above temperature^ exactl)^ 437489'* grain* Troy, 
audthe cubic inch of water grains^ the absolute 
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weiglit pf E cu^ca] foot 0^ 11) 

gpam»i akay W found by multiplying its sped Bo levity 
lljr either above numbers i^s pec lively.. 

By^^ra^'a ex(>enmentj and*tJ)e woportLons of the 
Snglisb and French foot^ as established by the Rd^aJ So^ 
^iety and French Academy of Sciences^ the followings 
nmubers have been ascertained: 

Paris grains^ in a Paris cube foot of iv^,r . > €45Sl 1 

English grains, in a Paris cube foot of water . $299^2 

Puri^grains, in an Knghsh cube foot of water - 533247 
English grains in an English cube foot of water 437489'+ 
English grains in an English cube loch of w^lpr 253'175 
By an experiment of Picardj with the mci^^jre 
and w^ght of the Chatelct, the Paris cubi^^pt 
of water conUi ns of Paris grain* > , 64J326 

By one of made with great care ' . 64J 376 


By Homberg., 641666 

Thcs^rcsults shovv-^ some lancqcjainty in measure or in 


weights; but the above coinjiutaltoii I'min Everard^s Ch^c- 
periment may be relied on; becanir the comparison of 
the Englisli foot witfi that of Frainc^^^ was made by the 
joint labour of the Royal Society of London, and the 
French Academy of Sciences. It agrees li^wisc, very 
neatly, wuh the weiglit assigned by Lavoisier, which U 70 
Paris pounds to the cubical foot of #Sftcr. 

rnonJ.£M xvi. 

To determine 'u^hether a of gold er silrer^ suspected tn 

he is pure rfSP noi, 

L * 

If tlie iqiIk^s or piece, the hueness of which is doubtful, 
be silver for exiuuple, provide inotiicr of good silver 

that the two pieces '^lon put mto the 
.of a very^acc urate balance may remain iR^equiKbrio 
Ekfr Tlien suspeiid two masses of'^lvor from 
the scales of the balance, by two threads or twO’ horse^ 
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hair^^ to pfoTODt the scalea from being 
twoMBsiti are itnmeraed in the If the' sftaMs nw 

qF e^al iinenesa^ they will remain in eqMj^p^cio m the 
water, as theydi^ wbait in the air; but iF. tba^|itoieit^ 
mas» Iteighs le^s m water, it is adulterated; that i^toaa)l$ 
is mixed with some other metal, of les# specific graTtty 
thati that of sliver, such as copper for example; and if it 
weighs more, it^fc mixed with some metal of greater 8pe^ 

^ cific gravity, such as lead. 

Remaek$,*-L This problem Is evidently the same as 
that whose solution gave so much pleasure Co Archidtedeek- 
Hiero, king of Syracuse, had delivered to a goldsmith^ 
certain qnatftity of gold, for the purpose of making, a 
crown* crown was finished, the kii^ enter* 

tained sofd|^uspicioii in regard to the fidelil^ of the 
goId^ith^Hd Archimedes was consul ted j|BApectiiig the 
best meatms*detecting the fraud, in cas^^e had been 
cornmittedr^The philosopher, having employed the above 
process, discovered that the gold, of which the crown 
consisted, wds not purcp 

ff a large mass of metal were to be examined, as in the 
case of ArcHmedes, it would be sufficient to immerse the 
mass of gold or silver, known to be pure, in a vessel of 
water, andj^then the sw^pected mass* If the latter eX" 
polled n;ore water &pi the ve^ei it would be a proof of 
the metal being aduTrerated by another lighter, and of Ic^ - 
value. 

But notwithstanding what Ozanam saj's, the di&reoce 
between the weight in air and that in water will iudlcato 
the mixture with motie certaintj^ for every body knowa 
that it is not so easy, as it m^iy at first appear, to measure 
the ijOanAy of. W^r exp^Led from any vessel. 

II. A^ordin^o maghematicai rigour,tw^nuMi 
ought j|n| to be weighed in vacuo^ for stnee^ air » a fiittd, 
it lespims tf« real gravity ci bodies by a q^uantity 
the wm^t of a similar Tolume of itself. Siaoer die two 






iBMfia. tfa^. tbe one puM and tlie otber adultented/ laeb 
rnequal inTolumo, tbey'ought to unequal qaan^l^ttea 
ojE their weiUp: in the m. ' But tlw^ great tenuity-w air, 
jojiegsfft.lD that of water, reoilera ttu suhaU error 


' FltOBLBM xril* 

■r 

jantt supposition to detemii^ tko^nti^qf 

mixture in the gold, 

-.The ingenious aitiiice employed by Arehimede^, is eon- 
tained^in the BoJution of this problem, and is as follows* 
^,J8uspecting that the goldsmith had substituted silver or 
copper for an equal quantity of gold, he weighed the 
c rown in water, and found tliat it lost a wd e to. which wie 
^tSTcali^Jr he then weighed iti the same dilmt tnass^ of 
pwre^gd^i in air was in equilibrio wi^^^ crown, 

and foimd lostiti weight, which wc stSp^alllsJ he 
next took a mass of ^Iver, which in atr equal in 
weight te the emwn, and wcigl^ng it in water, found 
that It lost a quantity He then cm ployed this propor¬ 
tion : as the difference of the weights u and c, is to that 
of the weights a and a, so is the whede weight of the 
crown, to that of the silver mixed m it* The answer, in 
this case, may he obtained by a very shorty!gv^braical 
cslculation, though the reasoning iaj'*&ther too^prefix^ 
wer shall however explain it after having illustrated this 
rule by an example* 

Let us suppose that Hicro’s crown weighed SO pounds 
ia tl^ air, and that when weighed in water it lost a pound 
■nd a half* Archimedes,weighittg in air and iu water, 
a HIM of gold coDtaitnng 30 pennu:^, must imve found a 
difference id pound; and by weigbmi^ m like lu^ner 
» POAos ii^eilveiNif 20 pounds, be^tist have found a dif-^ 
fmNFtcti^of pound. As A, in this cate, is equal to n 
to and c to hence the difference of a SuH b ia ,1-, 
that of B and c is ; we must therefore use therfol* 
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lowing proportion : arc to 40 ii> 20 r to fomAh 

ter^^whicb mil bo =; 11 ]bs« 8 02 ^ 5 dwta^ 

Tfe^ roasoiiing which conducted* or have con* 

ducted^ the Syr^usan phUcsiopiiet to tfaia soEudd«T, is as 
fblloJ^p If the whole mass were of pure gold, it would 
lose, when weighed in water, ^ of its weight; amJ if it 
were of pure silver, it would lose, when weighed in water, 
^ of its weight: coiiscqucntir, if it loses leas than the 
latter quantity, and more than the former, it must be 
a mixture of gold and silver; and the quantity of silver 
substituted for gold will be greater Hb the quantity ■ €>f 
weight which the crown loses in water approaches nearer 
to and vice versa. This mass of 20 pounds tiien must 
be divided into two parts, m the ratio of the following dif¬ 
ferences t^iz, the diiTerciice between the loss which the 
crown eTSp^ienccs and that experienced hy^hc pure gold ; 
and the dJfiference between tfic loss experienced by llte 
crown and that experienced by the pure silvery these will 
be the proportions of the gold and silver mixed together 
4n the crown ; and from tins rctinoning is deduced the pre¬ 
ceding rule. 

We must here observe tlmt it is not necessai'y to take 
two masses, one of gold and another of silver, each equal 
in weight jip iUq crown. It wdl be snificicnt to ascertain 
that gold loses a i^th of its weight, when weighed in 
water; and silver One nth, ajid perlmp^ this really 
the method employed by Arcbinnedes, 

FEOBLHM KVJIT, 

Jfupposf thtireare izeo iojrci- exactly of the mnesiz^^ simSar 
and oj'ttfual ’weighty tlie ofm coittuining gold and 
silvers is rt possi6ic, ift/ TtHtthimaikal means^ 
tiiiuine eotitains gold, und ^hkh ike 

^ we snpposie haUs^ the tme unadt pf ^oid and 
the*othtT of skid sUter gUtt is U p&ssi^h ta 
j': guisA tili*^goidJrom the silver f , ^ ' 

In the iirst case,^ if the maaaoa of gold and silv<ff':are 
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pla«^ exactly in the middle of the bos-which 
tatJis it, so^tbat ihevr centres^ of gravity coincide, 
may be the oid bocks on Mathematioal 

tkms, we wilJ iisie^t thii there are no of 

ing tfacm^ or at least tliat the methods proposed Ae de^ 
feclive* , ^ 

The case is the same tn regard to the two similar globes 
of equal size and weight. 

If we were however under the neces>ily of making a 
chcMcCj we would endeavour to distinguish the one froiu 
the other in the following Tnanner. 

would suspend both halls by as delicate a thread as 
possible to the arms of a very accurate balance, such as 
those which, when Joar^ed with a cnnsidcrabl^l-f weight, are 
sensibly ftfifected bv ihe difFeiencc of .l gram, ^^e would 
then imnierse-the two balls in a large ve^sd^ filled with 
water, heated to the degree of ebullition, and'that wiiich 
should preponderate we would consider FoTj 

according to the experiments made on the ddatatiou of 
metals, the silver, parsing from u moan teiuperature, to 
that of boiling water, would probably incroahe more in 
volume than the gold ; ni that case the two raisses, wdiich 
in air and in temperate water, were in equilihrio, would 
not be so in boding water, 7 

Or, we might make a round hole in a pkte of C0]>per^ 
of such u si^e, that both balls should )ja^ f^xactly through 
it with ease; wc iiught; then bring tht'm to a strong de¬ 
gree of beat, superior oven to that of boiling water. Now, 
if we admit that silver expands more than gold, as above 
supposed, we ought ap^ly each of them to the bole in 
question, and the one which exper^vna'^l the greater difii- 
Cttlty in ^ssing, ought to be accouiite<l sif^ver. 

‘ FKOBLRM Xlg. 

IVltei plafws ab and ad betttg^git?enj andfwa tttteyual 

spheres p and p; to bring- them to oji irpt/tn 

^ as seen in ikeJigur^ (pi. 3 fig. 1<>). ; 
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p And p^ will be iti equilibrip ifTUi;^]>0'lfeii 
wltjwlnch they repd each othert m the directioa pf: du 
HneVr, which joins their centres^ are equBJ4^ , .,,: 

But, the force with which the gtobe p tends to descend 
atong^he incline^l plane ba^ which is known, the inclina* 
tion of the plane being given, is to the foi'ce with which 
it acts in the direction c c, as radius is to the cosine of )the 
angle €Ct\ and^ in like manner, the force with which 
the weight p descends along da, m to th^ with which it 
l^ds to move In the directloit cc, as radiuSls to the cosine 
of the angle c cj": hence it follows, that as these scoopet 
forces must be equal, the cosine of the angle c must i^e 
the same ratio to the cosine of the angle c, as the force 
with which globe p tends to roll along ba, lias to that 
with whic]^ p tends to roU along da* The ratio of tfaeag 
cosines tbefore is known; and as in th&Jmngle c 
the angle known, since it is equal to tl^angle dab, it 
thence folio Ws that its supple men t^ or the sum of the two 
angles c and c, is also known; and hence the problem ia 
reduced to this, viz, to dividing a known angle into two 
such parts, that their oof^lnes shall be in a given ratio; 
which is a problem purely geometrical, 

Butj tliat we may coiihne ourselves to the simplest caae, 
we shall suppose the angle a to be a righUangle. Nothing 
then will be ncccssaf;y but to divide the quadrant into two 
arcs, the cosines of which shall be in the given ratiOf 
which may be done with great ease, 

Ijet the force tlien with which p tends to move along its 
inclined plane be equal to h ; and that of jC^ to roll along 
its pknefd^ual tp m. Draw a line patuJUii to jtho' plai^ 
AH, ^ij^dWtaiice from it equal to the radius of the globe 
r, aWAnother parallel to the plane da, ajtodist^ce&Dfik 
it to the radius of p, wlikli will intersect eofh otb^ 
la hayitig then made ol to as m to 

fblkwipg proportion: as ls to lq, sp is the wm crf^tlw 
row of the two globes to gc ; aqd from the 







to %l: the'points d and c ^fl be ^ place! of 
tSie <ifeiifcf<S’dfVhe globes^ Sind in 

they will beft teqnllibrio; ' ^ 


’ h' i 
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* PROBLEM XXf 




7^ iodies, p and depart at thesofjie thnejrom ti»?opafyffi 
A and B, iteo linesgwen inposilion^ and motfe foiltktnish. 
tmd hf with given velocities: required their posit&m xbkin 
4h^ ate the^are&t to each other possiSe^ (PL S fig. 17.) 

^ If their veJocitiea were to each other in thtf ratio of the 
and AB^itis evident that the two bodies vrotild meet 
inf'.D. 'But supposing their velocities different from fhatj 
there will be a certain paint where^ without meetings they 
Will bo at the least distance from each other ^to^aible; and 
after that they will continually recede from &ch other. 
Wtr&j for tx^plc^ the lines bo and ad are doarljj^ equals 
If suppose then that the velocity of p is W that of g, 
tti the ratio of Q to required the point of the nearest 
approach. 

Through any point r, in ao, draw the linp Rs parallel 
‘ to BBj and In such a manner, that ah shall be to rs, as tlie 
velocity of p is to that of g; that is to^y, in the present 
case,' as ^to l j produce indefinitely the line ast, and 
from the point u draw uc perpendicular to at; througli 
t1t6 point c draw ce parallel to nn, till it meet An in e; 
and having drawni et parallel to cn, meeting 3 ii> in the 
points F and £, will bo those required. 


^ tboblem: kxi, 

3Fb otuse a ^linder to support ttse^ m a pl^ne^ inclined to 
fki horisont mtfumt rolihig down; end even toasep^da 
^^iititecdong thatphne. (PL 4 fig, IS), ^ 

^ n ctliudcr he homogeneous, a(id placed on ah indltned 
axb bMng in a horizontal situation, it is evident 
thit'te'irid roll down; because its contre>of gtAvUy bting 
(life itamc 'as that of tho^ figure, th^^fertical line^'dWffru 



^0 
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Trom tina centre, wi}l aluraya fall beyoml tbe point:of eon^ 
tact^ the towe&t side; coiisecjaently tbe body must of dc^* 
cefisify rnj) down tow±trds tJtjt s^idc. *' 

But, if the cyliEidf^r be hci^terogenons, bo that its centre 
of gravity h not that of tiie tigure^ it may support jt^lf Ott 
an inchnud piano, provided tbe angie whioh the planf 
makes with tiie honzon does not exceed certdin limits. 

Let there be a cybudor, for example, of uhicb hfb is a 
section pcrpenciculii- to the axjN, To n^ovc its centre 
of gravity from the centre of the figure, ^kc a grove in 
It parallel to iia aKJs, of n seintcironJar iorui, and fill it 
with some substance f much heai'ier, tiui tbe centre of 
gravity of the cylinder bhail be removed Irom c to e. Let 
the inclined .plane be ab, and let no be to oa in a less 
ratio than cf to ce. The cv Under may then support it^ 
Eeir on the inciined plane, without rolling dpwn; and if it 
be moved Irotn that position, in a certain direction, n will 
even resume it by rolling a liule towards the summit of tbe 
plane, 

For, let us suppose the cylinder placed on the inclined 
plane with its axis horizontal, and its centre of gravity in 
a line parallel to tb^ plane, and passing through the centre, 
in such a manner that the centre of gravity shall be lo^ 
wards the upper pllrt of the plane, fig. 1!^, Through the 
point of contact, o, draw coh, perpendicular to the in¬ 
clined plane, and lae pcrpeudiculiir to the horizon^ We 
shall then tiave so to ga, or bi as oi to iir, or as 

DC to ce; and since tbe ratio of Bd'tb g a is less than that 
£ 

of cf or CD to cEf It followthat ce i^ less than CB, conr 
Bequc^ly the vertical line drav^ n from tlie point £ will fall 
witfaiiut the point of comat.t toward;™ a ; the body tlterfi*' 
for ill have a tcndciicv to lull on that side, and will roll 
towards it ascending a very hnle rfil its centre nf gravity 
£ has assumed a position as scon j8j wlicre itcOincidca 
xvith the vertical line passing through the point of coo tact» 
When the cylindeF oftivcs at this situation, it will main* 





laiih itself provided neitherits surface northtt of the 

pbne be » 0 ;sniool:b. as tiy admit of its altdiB^.-paJrftlUA^ to 
itself* In thiirm' tjation it will even have greater 
according ais the ratio of bu to oa is less than that of of 
or XD to cEf or as the angle auo or coc is lesa^tbait^ 
ODB. ' 

This is also a truth uhieli we must demonstmte* For 
this purpose, it is to be remarked that £« the centre of 
gravity of the finder, in rod mg alang the metined plane^' 
describes a eurW, such as is scim m 20; this is what 
geofoetriciaos call an elongated cycloid, which rises and 
descends alternately bclovr tile line drawn parallel to the 
inclined plane, through tJic centre of the cylinder^ 
the cylinder being in the position repiv.^eiitf5d in fig, 20, 
if the lino £n be drawn from the centre of gravity to the 
point of contact, it may be detnonstrated that the Ungellt 
to the point B of that curve, is perpendicular to de : if the 
ioolinatioii of the plane iherefure is less tliun the angle 
CUE, tliat tangent will meet tlie han^outal line towards the 
ascending side of the j>lane ; and the cetitrc of gravity of 
the cylinder will Ihen be as on an inclined plane ik ; con¬ 
sequently It must descend to the point t< ol the hollow of 
the curve, vviuch it describes, where thaSf curve is toucLied 
by the boI Jliontal line, * '"■ 

When it reaches this point it cannot deviate from it, 
without ascending on the side or uie other: if it be 
tiicn removed a httlc frpm this point, jt wdt return to its 
former position^ 

: 

VllOBLF.M XXII. 

TV cfffisO'iui (I dock xolmh ^hail poitd out Ute ho^rs^ hjf 
^ rol/ittg doum an mdinedp^^lnc, 

small muebiue, invented by an Englishman named 
WJheelej^ exceedingly ingenious^ and is founded.on the 
principle .ermtaiued in the soluuon of the ptr^eding 
pfoMePt 



^^2 A CLOCKS 

it cottaiBts o£ a cyliqdtic&l box, wde of 4ior # 
nic]^ in iliwoteT, and baling on one side a di*! platfc* 
diT^ed into 12 or 24 hours. In the inside, rtpresented by 
fig. 21, is a central vrheeJ, i^rbich by means of a pinion 
moves a second wheel, and the latter moves a thirds8u;, 
while a Bcapement, furni|}i6d with a balance or^ spiral 
spiring, acts.the part of a moderator, aa in eotntstoo 
watches. To the central wheel is affixed a ^w^ht 
which most be sufficient, with a moder an^ inclination, as 
SO or 30 degrees, to move that wheel,^ ^d those whi^h 
receive i^piaon from it. But, as the machine ought to4»e 
perfectly in equilibrio around it^ central aij|», aoounter^ 
acting w'eigbt of such a nature, that the machine shall be 
absolutely indilTerent to every position around this axis, 
must be placed diametrically opposite to tbc'^nudl syttem 
of wheels 2f 3, 4, When this condition has been ot^- 
taineJi the moving weight p must be applied; the cfectof 
which will be, to make tlje central wheel, 1, revolve, and by 
its means the clock movement 2, 3,4, &g ; but, at the same 
time'that this motion takes place, the cylinder will roll 
down the plane a little, which will bring the weight p to 
its primitive pos^n, so that the efiect of this continual 
pressure will mi^e the cylinder roll while the weight p 
changes its place"^iativciy, in regard to the cylinder, but 
not in regard to the vertical line. , The weight r, the 
iQcllnation of the plane, mutf be regulated in such a mari¬ 
ner, that the machine sliall whole revolution in 

24 or 12 hours* The handle affixed to the com¬ 

mon axis of the central wheel and weights; so that it 
shall always look towards the zenith or the nadif^' If more 
ornam^^ are required, the axis may support a small gteto 
wiwiragure placed on it, to point out the hours with its 
fipgp%Ued m a vertical position. Tt may be readilyeoi^ 
cj^ed, chat when the machine has got to the loweat pall 
tiKdincd plane, to make it continue^glung^ ittdidiig 
wiU be necessary but to cause it to abceod to the Ugheit 
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it too sLow^ its movement acoe^ 

leiratcd by rabitig ttp the H^clincd plane, an^’Vice 

1 ' , i v"** 9 ■■ ?■ 

7ROELEM XXni* 

S' 

TV ^^instruct a dress^ by fneit?2s of which ti will he impccsMc 
to mtk in the water^ and whith shaii kavt the perton^ who 
ilt iU full freedom to make every kind of mace- 

. menL 

^ ttiafi very nearly the same as ati'^Oqual vo¬ 

lume of water^ it is evi^Jent tiiat a mass of some substance 
ratieli lighter than that fluiii may be added to l|i^■:bodyf by 
YvJiich meatif both together wdi be lighter than water, and 
of course must floati It iii in consequence of this priiiciple 
that, in order to learn to swim, some people tie ttf their 
breast and back tivo pieces of cork^ or alHx full bJofvn 
bladders below their arms. But cJiese methods are at< 
tended with inconveniences, which may be remedied in 
the following manneri 

Between the cloth and lining of a jacket, without arms, 
place small pieces of cork, an inch and a half square, and 
about Iwilf or three quartern of an inch lo thickness. They 
must be arranged very near to each j^er, that as Little 
space as possible may be lovt; but yet^not so close as to 
affect^ in any great degree tho flexibility of the jacket, 
which mu&t be quilted to prevent their moving from their 
places. The jacket must bj^^made to button round the 
body, by means of buttotis, well sewed on; and to 

prevent its stippuig ought to be furnished behind 

with ^ kitid of girdle, so as to pass between the thighs and 
fiaten before* 

' By iDcaita of such a jacket, which will occasion as l^tle 
emlMrra^siitent as « common dress, people may, throw 
theoublyi^ into the water with the greatest safety; for if 
it be .pc^perty madk the water vcili not rise o^r tlictr 
aboubhvi* They wtlL sinlt so little, that even a didhd body 
iOrtW^situation wUt infallibly float. The wearers there- 

VOL. If. t> 
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fore tndke no effort to au^poft t|l«TnieLv] 0 q£l aqfl 
water i^hoy may re^A or write, and;eveaload 
and iire it. In the year 1767 an expcrimecitr wa^ merit; of 
all chene lihingf:, by the abb4 de h Ohapelle, felbvf of th« 
royaf fiociQty of London, by whom this jacket w&K i{^ 
rented. % , 

It is almost Tieedle^ifl to observe how- usefo] thk in^n- 
ttott might be on tand as welt as at sea. A stifficicrit uUm* 
ber of soldiers, provided with these jaokf^i mtgh^pa^ a 
deep and rapid river In the night time, armed witbpist,^ 
ami satire^ and surprise a corps of the enemy. If eeputfSid^ 
they could throw themselves into tlie wate^ aiid e»QA|« 
without any fear of being pursued- ^ n 

During sea voyages, the sailors, white employed in da^ 
gerous manoeuvres, often fall overboard and Vtre 
others perish in ports and harbours by boats oversettitig 
in consequence of a heavy swell, or some other accideat^ 
in. some vessel or other is daily wrecked on ^tbe 

coasts, and it is not without difHcuky that only a part of 
the crew are saved* If every man, who trusta bimself|o 
tbi^ perfidious element, were furnished with ai^cb. 
jacket, to put o^uring the moments of danger^ it 
dent that many ^ them might escape death. 




FROGLCM XXIV- 

TV cmslruct a boat which ci^aot he mnk, eem if the wtc}' 

should cnierit onsides, 

8 boat to be made with a'lfalse bottom, placed,at 
such 8;di^nce from the real ono^as may ba pt^portioiied 
to the lefi^h of the boat, and to its burthen the win*' 
h^of persons it is intond^^ to carry, Aco&f'du^.tcr the 
most n&urate^Calculation, this distance^, ifS our opiflkui^ 
oi^gh^rbe one foot, foi a boat 19^ feet taiei^tb^aiid 5,or 6 
The vacuity betweau thiS bquom 
>te6h diii^riiigbt to be btiod up with pieces of Cork, 
near to cacb other as posiiblci andMtbe botfeool.^jdl 



tioftt^^tbay ni#y be ^^'ptcipcri* 
tiflimlljr/ledvill^f'Wge apeHurev, that the wWer thtx^a^ 
into th^ may be able to run oft It may be proper'' 
abb to nialEe the utern higher, and tofurnish it with a deek^> 
tbit tHe people may take sheitu under it, incai^e the boot 
sheuTd be thrown on its side bjRhe violence of the waveai 
Bo&ts constructed in this mariner might be of great 
utility for going on board a vessel lying in a JiarboUfi 
peihfrp»''Beveral^i]es from the shore; or forcing oir. 
shorn from a ship anchored at a distance from ^tbe landi 
Unfortunate accidents too often happen on sucH-ljimsioq^i, 
whctf- there » a heavy surf, or in consetjiiencc of adthe 
sudden gust of wind; and it even appears that somotimet 
the gredtest danger of a voyage is to be appreliended under, 
circtlm^cluces of this kind. But boats constnjii<cted oti the 
above principle would prevent such accidents. 

Much we confess is to be added to this idea^ presented 
herb in all its simpheity j for some changes perhaps ought 
to be made in t(ie form of the vessel; or heavy bodies 
ought to be added in Certain places to increase its stability; 
This'b a subject of research well worth attention, as tbc'^ 
resoltfbf it might be the preservation of t^usands of lives 
every year. ^ 

For this invention we are indebted to M. de Berniercs, 
one of the four controllers general of bridfics and cans ways; 
who in constructed a boat of tliis kmd for the king. 
He afterwards construdt^ another with improvements for 
the duke de Chartres ;'^und a third for tbo marouis de 
Marigny, The'latter whs tried by filling it with|miljb|^'or 
end44V0turiiiig^t6 make it overset; but it rightarai sooil as' 
JeH'tb itself though filled with water^ was stall 
to carlpy MX persona. 

By tbia ioventibn the number of accidents wbiihh'bdfail 
IcOAla i^ea^&ring life^mayin futufil'b^^d^inisb- 
ed'fbtilSlihoiniififle rebec with which the invention 
BeHiibi^ WAS receUredf shows regardless men dre^of 
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this iikOB^. useful discororie^f hen 
huitunity 6nl|^ are concerneij, an^ iirhcii tAuble 'atrd ^x- 
peoce are required to render them practically uteful^. 


Sw /e Tsisi fr&m 


no^hZuxxT. r ^:' 

the hMbfn the sea a vessel 


' has sunk. 

This difficult enter prise has been sereral times accop* 
plbbed by means of a very simple hydrostatica) prindplCf 
yl2j that if a boat be loaded as much as poasibJe, and thdi 
na|oaded^ it tends to raise itself with aforce equal to that of 
the'weight of the volume of water which it displaced when 


loaded. And hence we are furnished with the means of 
employing very powerful forces to raise a vessel that has 
been sunk. 


The number of boats employed for this ptirpose^ must 
be estimated according to the'si 2 e of the ves^, and by 
considering that the vessel weighs In water no pore than 
the excess of its weight over an equal volume of that fluid; 
ueiIm the vessel is hrmly bedded in the mud; for then she 
must be accounted of her full weight. The boats bi^ng 
arranged in two rows, one on each side of the ^uiik vdssel', 
the ends ofcuble^ by means of divers, must be made fast 
tcy different parts of the vessel, so that there shall^be foitr 
on each side, for each boat. The ends of these ca%^, 
which remain above water, are to be listened to the bead 
and ^tem of the boat for which they are inteoded. TJms, 
if there are four boats on each ride, there must be 32 
cables, nkmg 4 for each boat. ^ o 

When every thing is thus arranged, thi to fcfe 

much vA they will bear without risking, andTtfilie 
cahut nmst stretched as much as possible. The b^s 
n to be unloaded, two and two, and ifth^rai^l^e 

^1-. . . V''W- 

I I 

MM)«tHotcd an ibLn pHadple, aiidkn4}«auDdBi;t^ 
now wn^ v« oir ditfiireiit parti Britiih OAiilllt patv 

ticulirlj At ShwJdi, 9te, 



vencJiit {»,k 8U%i^ptiiam^ 

0|it>^ ii] amze^^to toe bo^ 

wtiM) lD4dc(|||[ilt^becoFi>e mSo^ 

tmist be a^ain str etched as niiich an ^sibWl The 
fe>t of the boats are tbeo to bf*.ui^oaded, by shjft^ng^their 
hdMg ^he former. Tli(||rcssel m\i thifs bo 
little morCf and the cables of the loaded boats will becdEne 
staokj cables being again stretched, tlie ladmg of the 
latter boats must be shifted back into the otb^^s^ which 
raise the vessel stiil a little higher^ and if thb opera* 
lioo be repeated as long as necessary, she may,be brodj^M 
tp the surface of the water> and conveyed into port, or into 
dock, ' ' 

v ^ ^ 

An account of the manoeuvres employed to raise, in this 

Siannerythe Tojo, a Spanish ship belonging tothaindiah 
sunk in the harbour of Vigo, during the battle on the 
lOtb of October JlO^, may be seen in the M^moires d^ 
Academklens ctrangers, vol, 2 . But as this vessel had 
mlined more than 36 y(^ars in that state, it was imbedded 
in a bank of tenacious clay, so that it required iricredible 
labour to detach it i and wiien brought to the sur£ai'c^ of 
ibe, water, it contained none of the v^juable articles ex¬ 
pected. It had been one of those unloaded by the Spani* 
aids themselves, before they were suntf, to prereni th^ 
from falling into ttie liands of the English. ^ 


^dditions^ 

^ On the same principle is constructed tlie camel, a EU^ 
dune employed by the Dutch for carrying vesselJieartly 
laden over the sand banks in the Zuyder^Zee. in tt^t tea, 
eppesi^ t^4be mouth of the river V, about eh miles from 
l|lie,«;^y of Amsterdam, there are two sand banks^^betmeo 
ia a paMge, called the Pampus, su^jently deep 
Jbr vessels, but not for tbo^ which are ,lhrge and 
bdea. On ihia aocottut ships which arewtwafd 
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bounds tdko' to before the 

cai^^Teoelrifig the rest when they got tbi^o^^die 
^TfiUxipuij. And those that are hom^l^rd bo^nd' a 

gteftt meas!^ unload before they enter it, Fpf 
' son the goods are put into lighters^ and in th^ 
to the 'warehouses of the chants in the eity; an^ the 
]«ge vessels are then m^e fast to boats^ by mf^nt jof 
ropes, and in that manner towed through the passige.lo 
their etationst . , 

Though measures were adopted, so early as t^o.l^idcUe 
^the sixteenth century, by forbidding badaat tab^ 
us^ the Pampusj to prevent the farther accuihidatiop of 
land in thhi passage, that inconvenience increasi^ so iqayi^h, 
frofti other causes, as to occasion still greater obstroctioo to 
trade; and it at length became impossible for sh^f^.of war 
and others heavily laden to get through it. About the 
year 1673, no other remedy was known, than that of 
making fast to the bottoms of sbipi^ large chests filled with 
water, which was afterwards pumped out, so tb^ the shipa 
wei% buoyed up'and rendered sufficiently ligh^ to the 
idtaDow. By this method, which was attended.wftb.^the 
utmost difficulty, the Dutch carried out their unpierjous 
fleet to sea in the above-mentioned year. This plan, how** 
evdf gave rise soOu after to the invention of the camel^ jby 
which the labour was rendered easier. The cam^l <;QP^ts 
of tWo'half ships, constructed in such a manner that tliey 
can be applied, bolow water, on each side of tJie hull of a 
large veasel. On the deck of each part of the ca«(]^ are 
a many horlsonul windlasies; frojm ivbi^h 
pFpee^ through aperturef^ in the one half, and, being lur¬ 
ried under the keel of the vessel, enter sitnihtf ap^ettyrj^s 
Int^^hcr, from whicli tliey arp conveyed to tho^yind* 
it# deck. When they ar? tp 
water alt'^y be necessary is suflai^d to ^un 
^;rop^ ate caat loo»e, tlie vessel is%mtu^t^d 



Vh * ■ 

i -A “i 

J „ ■■ 

^km^i 4d^4ai!gi« |^4c&d hoffi^ont^Iy 

pot^ hdeti of with th^ eii^^rMing tm tbb 

came), on each sida^ ^^en &ic rogej ^e made l(^i.so 
^ ^tist thf thip is sectired between the t\f{^parts of Ae 
Watef is pumped front thenij by whic^uSfeti* 
tb^ 'rise, and raise theshi|^oiig with tbem^^jEsch h^lf 
of^be eatnel » generally 127 feet in length $ the bresd^ 
at'^wnd end is 22^ and at the other 13. The hold isdivtd^ 
dtito several compartmenN, chat the machine may be Icept 
ftt'cga&libtio, while the water is flowing into it^ An East- 
Ihd^ ship that draws 1 5 f^et of vt^ater, can by ^the help of 
the Camel be made to draw only* 11; and the heaviest ships 
of watt of BO or 100 guns, can be so lightened as to •pass 
Without obstruction all the sand banks of the Ziiyder«Zfe<^ 
L^^old, in bU Theatruni Mochinarum, say^ that,the 
camel was Id vented by Cornelius Merer, a Dutch engt- 
neerf But the DuCcli ^mtcrs, almost urtanimouiitly, ascribe 
'this invention to a citizen of Amsterdam, called Meetkves 
Meinderj^zoon Bakker. Some make the year of the in- ^ 
vention to have been 1€8S, and others 1690. However' 
this may be, we are ai^sured on the testimony of,Ba):j|tel' 
btmself, written in 1692, and still preserved, that id |he^ 
'month of June, when the water was at its usual height, 
be conveyed in the course of 24 hour?, by the help of the 
•ame), a ship of war called the Maagt van Enkbiiyfftn, 
Whiclt was ISS feet in length, from Enkhuysfin^Hooft, to 
ft place where there was sufficient depth; and that this 
cOtrld have been done much sooner had not a^perifccl calm 
prevailed at the time. In the year 1693, he raked a ship 
called the Unie^ 6 feet, by the help of this ma^nfe, ^nd 
^otmductedJher to a place of s^afety. 

A* ship^ built in the Newa cannot be convey^ into 
h^rb6ur, 'en account of the sand banks for||bAby ihe our* 
Trblft^df that rWer, camels are employed aha.by the Rua- 
carry ships ever these jihoaJs i and they have them 
of various size^ Bernoulli aaw one, each half of wfaieh 
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was 217 feet in length, and 56 ia hieadthi W 

tised likewise at Venice** " 




' FBOBLBM XXVlw 

li make a bvdy ascend as if of iiseif along m '^^nedpUmOf 
in conscquey^ce ^ its €fmn gravity. 


Provide a double coae 22 pL that is,, two right 
cones united at their bases^ so aa to have a cocnmon wa- 
Thejl make a supporter, con^Uttmg of two branchasi form* 
ing an angle at the point c (hg. 23), which must be placed 
io such^e manner, that the summit c shail be below the 
hofi^ntal line, and tliat the two branches or tegs shall be 
equally inclined to the horizon* The tine ab must be 
equal to the distance betw^een the summits of the double 
cone, and the hcigtit ad a little less than the radiu^^f the 
base« These conditions being supposed, if the double 
cone be placed between tlie kgs of this angle, it will be 
seen to roll towards the top \ that the body, iustead of 
descending, will seem to uM^end, contrary to the nature 
of gravity: this however is not the case; for its centre of 
gravity really descends, as we shall here show* 

Let ac (fig, 34) be the inclined plane, containing the 
ai^le ACBi C£ the horizontal line, passing through the 
summit Cf and consequently ea will be the elevation of the 
plane above the horizontal line, which is less than the ra¬ 
dius of the circle fornding the base of the double cone* It 
is evident tiiat when this double cotie is at the summit of 


the angle, it will be as seen <itt cd; and nhen it reacbea the 
highest part ot the plane, it ^vJl have the position seen at 
if; its c^tre then mil have passed from d to and siucio 
dc is equ^ to af^ and cc is th-? horizontal line^'^ will be 
iiiUig^below the horizon; and consequently da^ 
ia4ii^i||||||^tp it, will be so also* ,Tbe centre of 

" ^ i1i« f^nmel a)n.y be teen in, f/Art ^ batir les Vnr^setirk^' 

Arnfft^m tTl9jr4tp, rol. *2, p, 9J, ilee ano (be 
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mity or tbe. cone will therefore hove desceade^j While the 
c5ne uppeared to aweiuL But, oa has beien {dready seen^ 
it \s the descent or'ai^nt of the centre of gravity that 
dhterounes the real descent or ascent of a bQ4y- As jotig 
aa the centre of gravity can deacendj the body tlierefdre 
really moves in that directioni^c. 

It wrli b^ found, in the present case, that the course of 
the centre of gravity, in its whole descent, is a straight 
line* ^ But a parabola or hyperbola might be situated in 
the.same manner, with its summit downwards, and in that 
case the course of the centre of gravity of the double cone 
w'ould be a curve. This may furnish a subject of cieriqiie 
for young geometricians. 

raooLEM xx%‘ii. 

To construct a Uoefr with water-. (Fig< 2^ pi. 5,) 

If the water which issues from acylindric vessel, through 
a hole formed in its bottomi, flowed in a uniform manuer, 
nothing would be easier than to construct a clock to indi¬ 
cate the hours by means of water. But it is well kndwn 
that the greater the Jieight of the water above the orifice, 
tlirough which it issues, the greater is the rapidity with 
which It flows; so that the vertical diviMons ought not to 
be eqjual: the solution of the problem therefore consists 
in detcrtiiining their ratio. 

It is demonstrated in hydraulics, that the velocity with 
which water flows from a ve^J, through a very small 
orifice, is proportional to the square root 4^f the height of 
the^ water above tJic aperture. And hence the following 
rule, for dividing thes height of the vessel, which flfpe sup¬ 
pose to be cylindrical, has been deduced, 

VTB suppose that the whole water can flow out in 12 
boors p divide the whole height into 144 fPH; then 23 
will be emptied in the first hour ;^so that there 
will i;!Qmain 121 for the other eleven, Of these 121 parts, 
21 will be emptied during the second hour ; then 
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be emiltied in the ihird, ]7 iti the ftiirth, and so on. Au 
ihe 144tih dlvifijpn therefore corr&p^^a to 12 hour^ Che 
l^lst wtirconrcspond to 11;' the to 10; the Oiatto 
'9j iw!j til) the last hour, during v-hich onl^ one dmaion 
vill be emptied* These dlvi^iiohs will comprehendi'jj^t the 
retrograde order, h^ginning at the lowest, the firatj 1 jp^jrt; 
thosecopd^S; the third^^^ the fourth^T; whk^ is 
exactly^the ratio of the spaces passed over in equftt tiunes 
by a body falling freely in consequence of its gra^iy. 

But, tf it were required that the divisions in the TCrtiCal 
directionj should be equal in equal tiines^ what figure 
ought to be given to the vessel? 

The va^e^ in this case, ought to be a paraboloid, formed 
by the circiimvolution of a parabola of the 4th if^ree; or 
the biquadrates of the ordinates ought to be aa.lhe ab- 
sdssasp If an orifice of a proper siie were made in the 
summit of this paraboloid; and if it were then inverted; 
the water would flow from it in such a manner, that equal 
spaces of the vertical height would be empti^ in equal 
timeSi 


The method of describing this parabola U as follows. 
Let ABS (%♦ 26 ph 5), be a common parabola, the axis 
which is PS, and the summit s. Draw, in any manner, the 
line Brr, parallel to that a\U, and then draw any ordinate 
of the parabola ap, intersecting rt in r; make pq a 
mean proportional between pr and fa; and Ictp^bea 
mean proportional also betw'een prandpa; and so on. 
The curve pas<;ing tbrougli all the points q, wilt be 
the one required; and it may be employed to fofib a 
mould fbr constructing a vessel of the required jC on cavity. 
To whatever height it Khali be filled with water, eqt&i 
heights ^j^^irays He emptied in equal times. ^ 

A anhtflpPart of ibis work, we shall give a oicthc^ of 
makiD^|rr4.quitntitles of water flow ^om a vesset of aisy 
iB equal time;. As this depends on the prepay'of 
the syphon, it belongs to a diffeieot heatj^ ' 
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, , I ^ .. . .JFfiCpBLTSM X^vni, / . , , " ' 

g^7 ai^ a line ^ml the 

^iti(^ Qf the plane along liffiicht ^ u hoiv d^■ 

scen^^ ^ setting outJr^ the ghm point, it s^U reach ihai 
. line in ^ least time. |[Fig, 27 pL £), 

mecliaikical problem i» exceedingly cnfious^ and 
adl^lts of a very elegant solutiorii l-et a be the gil^n 
pointrand qc the given line^ From the point a^ the 
verticf^ line ad, and as perpcndietilar to the given finej 
the^frogi the point D, where the vertical line meets bc, 
draw DO parallel to aK) and equal to ad: if aq he then 
drawn intersecting bc in v, the line af will be the position 
of the plane along which a body, setting out from a, fthd 
descending by the cHect of Jts own gravity, will arrive at 
the Hq;^ DC Ill less time than by any other plane differently 
inclined. 

h 

To demonstrate this problem, draw fh parallel tO‘ ab 
or BG, tiil it meet tlie vertical line ad in n. On acedunt 
of the similar triangles then, we shall have ad to no, as 
AH to hf'^S conscquemly, do being equal to ad, ah Mill 
be equal to DF, which is aUo perpendicular to DC, be^ 
cause it is parallel to ae. The circle ihereforo described 
from the point u, as a centre, through the point a, will 
pass through ?, and touch the line uu. 

But it is well known, that if a vertical diameter, as 
AHl, be drawn in a circle, and any c-nids af and ah, a 
body left to descend by the eficct of its own gravity will 
over the spaces represented by these lines, in the 
time* Since the time then employed to fall along 
AK or Ai, is equal to that employed to fall alor^ Ap, the 
tme required to fall along ad or ae will be greater than 
that employed to dc&cerid along aFhi And the same rea- 
apfling being applicable to all the other can be 

.dfftWD from the point a to dc, it foliow^^at AF ia tbo 
Jiqe along which the body will atrive, in the Iiip6i.at 
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Bc were Fcrdcal^ Afi would tbeti be horti 
xoat!tl> a$ well as dg ; ad aad dg would both be 
arid equals which Wi^ulil the adgle'FAD equal to 4i^* 
Hence it follows, that in this case it wouid be aJong a 
plane inclined at nn angle of 45* that the body, left to 
itBcIfj would arrive at the verticaJ hue in the lea^t time 
pOssibki 

4 
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PROBLKAf XXiX. 

7W poiTii^ A md B teing given in ih^ same horixoniut line; 
re^uirad the positim of two planes ac and cv, tf aft 
inclination f that two bodies descending with actelerdfed 
velocity front a c, and tkai ascending along cb wi/lt^ 

the acquired velocity^ shall do so in the least time possible, 
(Fig. 28 pi- 5.) 

It is evident that a body placed at a, on the hori2ontal 
line AB^ would remain thci^^ eternally without moving 
towards b* To make it proceed therefore by the efibct 
of its own gravity from a to b, it must iali along ati in¬ 
clined plane or a curve; so that, after having descended 
a certain space, it shall ai^cend along a second plane, or 
the remainder of the curve, as far as b. But we shall 
suppose that this is done by means of two inclined planes* 
It is here to be observed, that the time employee! to de¬ 
scend And ascend, mu^t be longer or shorter according to 
the inclination and the length of these planes^ The qiiea- 
tion then is, to determine what position of them is most ad¬ 
vantageous, in order that the time may be the least* Now 
it will be found that to obtain the required position, Afao 
two planea must be equal and melined to the horizon at 
an angle of 4J*; that is, the triangle acb ought to bo 
iaoscgj^and right-angled at c. 

Tb$b solii;4b is deduced from tlut of the preceding 
ptofiSem; for if we conceive a vertical line drawn ttirongb 
th^gpiot c, it has been shown that the plane A€, iqclib^ 
«t i^;«ligle of 45 degrees, b the most £|^Durably dbjioAod 



■i 

tb tnakl^ the bod^; sliding along it^ arrive arttie v^rUeal 
lint; ih tti« least time posaiblef but the time of th^ nsdetit 
along CB, is equal tovthat of the descent; it foU 

tews that their sum, or the double of the former^ is also 

the shortest possible. ^ 

■'-' 1 

PROBLEM XXX, 

ckam and two buckets be empioj/ed to draw up water 
Jrom a welt of very great depths it is required to arnmgc 
the apparatus in such a manner^ that in every position tf 
the buckets, the weight of the chain shall be destroyed'; so 
that the wight to be raised shall be that only of the water 
ctmtaintd in the ascending bucket. (Fig* 29 pi, 6.) 

If two buckets be suspended from the two ends of a 
rope or chain, so as to ascend and dci^cend altt^rnatoly, 
while the rope rolls' round the axis or wheel of the wiod-^ 
lass, which serves to raise ti|en:i, it is evident that wliea 
one of the buckets is at t)te Uottoni, the person who begins 
to raise it has not only the weight of the bucket to sup* 
port, but that also of the whole chain or rope frinn the top 
CO the bottom of the well; and there are some cases, as m 
mines of three or four hundred fcK m depth, where the 
weight of several quintals must be overcome to raise only 
two or three hundred pouudb to the mouth of the mine<^ 
Such were the mines of Pontpean, untd M* Lori<jt sug^ 
gested a remedy for this inconvenience. 

This remedy is bO simple, that it is a^toiushing no one 
ever thought of it before. Nothing indeed is necessary but 
to Convert the rope or chain into a complete ring, one of 
the ends of which descends to the depth where the water 
or the ore is to be drawn up, and to al£x the buckets to 
two points of the rope in such a manner that when one of 
them-is at the highest part, the other j^ball b6Bt the lowest. 
For it is evident that, as equal parts of the chain ascend 
and descend, these parts will counter-4)a]ance each 
and'Uhe weight to be ntiaedi were the^pit several tbbusf^ 
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tcet belthl^t only of tbo. Ctfo or otb^ fcub- 

sUivcW drawn tip, ' ' 

The cWl» wourd evidently be th| if there w^re 
only one bucket; iH e^ery position^ %hc only weigl^t' to be^ 
raised would be that of the bucket, and tbe matter it eon* 
tained; but themachine'^ffbuld be attended with only one 
half qf its ad^Knta^e^ for^ by having no more than one 


buck^> the time which the backet when emptied would 
employ in desiceuding would be lost, 

Behark^—I n the Memoirs of the Academy of Scichces 

" ■ ® 

for 1731, M* Camus give another method of remedying 
the above inconvenience. It consists, when there is ohty 
one bucket, m employing an axis nearly in the form of a 
truncated cone i so that when the bucket is at the lowest 
depth, the rope is rolled round the part which Has the 
least diameter; and when the bucket is at the top, tt is 
rolled round that which the greatest. By these 
means, the same force is atw^^s required,^ But it is evi* 
dent that, in every case, more must be applied than is 
necessary*^ 

When there are two buckets, M< Camus proposes that 
on^ bxdf of the rope should be rolled round one half of the 
axis, which he divides into two equal parts; so that one 
half is covered by the rope belonging to the bucket raised 
up> white the other is uncovered, the bucket which cor^ 
responds to it being at the bottom. By these means the^ 


two efforts are combined in such a manner, that ne^y 
the same force is always required to overcome them, mt 
these inventions, though ingenious, are inferior to that of^ 
M, LorioL 


f*- 
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rmstructing a Jack ivhich movies 




.smoke qf the Jmnney. (Fig, 30 p{. 


construction of tbU kind of jack, which is v^y iri* ‘ 
is as fodoWs, Au iron in^the^l^tifc tif' 
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the chimt^, and pr^ecting froin it about to 

support a perpendicular spimUe^ the osftrethity o^^luoh 
turnt in a cavity fori^d in the bar; while the^^p^er .ex^ 
tre 0 u^'iB Sued, into a^ollar iuanotl^fr bar, pbeed at some 
diiiUdce above former. Thia tpiqcQe i| surraundod 
with A helix of tin plate, which ifi^cs ^ cou^c of revolu* 
tions, or turns round the spindfe, and^ which is.about,f 
fool in breadth, But instead of tbia hernt, it wUi be§mdS*'^ 
cient to cut several pieces of tin ^late^ or sheet irofi^^and 
to fix them to the spindle in such a mabner that thpr 
planes shall form with it an angle,,of about £0 degrees i 
they must be disposed in several ^itorles, above ea^h otherf 
60 that the ones may btand over the vacuity left by 

the lower ones. The spiudle, towards its summit^ bears a 
horizontal tvheel, the icetb of which turn a pinion having, 
a horizontal axis, and the Utter, at its extremity, is fur* 
iirshed with a pulley^ around wiiich is relied the endleia 
chain that turns the spit. S^h is th^ccm^itructLoiiof this 
timehine, the action of which may be explained in the fol* 
lowing manner. When a fire is kindled in the,ddoiDeyi, 
the air which by its rarefaction initueJlately tends to as¬ 
cend, meeting wpli the helicoid surface, ur kind of iucliu^d 
vanes, ^usea the spindle, to which tiiey are affixed, to 
turn round, and consequently communicates the same 
criotlpn to the spiL The brisker the fire becomet, the 
quicker the uiachine moves, because tiio ascends with 
grcater rapidity. 

en the machine is not ui^^d, it may be taken down, 
by raising the vertical spindJe a little, and removing the 
point from its cavity ^ wliich will allow' the summit to be 
disengaged from the collar in which ii- h made to turn. 
When wanted far use, it may be put up with the same 
ea«4 - 

REMAEKa .—U The following mechanical amusement 
is jon the same principle. Cut out from a c^ 

Oft Ui^t, a;9i^as;poss|j^^4 then cut ft 
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tiiiikuig- three four r^volution^^ and ending at a small 
eirete^ reserved around the centre, and ^ about a 
tivo in diameter; extend thi,'; spii^oj' raising tb^ cer^t 
above the first revolution, ns if it trere cuf into ji,,couicai 
aurf^c or parabolid; then provide a ^all spit made of 
iron, terminating in a point, and resting on a supporter. 
.4ppty the centre or summit of tlie helix to this potnt; 
and if the whole be placed on the top of a warm stove, 
the maehine will soon put itself in'motion, and turn w|tb'' 
oijt the assistance of any apparent agent. The agent 
however in this case is the air, which is rarefied by .the 
contact of a warm body, and which ascending forms a 
current. ' ^ 

IT. There is no doubt tliat a similar Inver^tion might be 
applied to works of great utility; it might be employed, 
for example; in the construction of wheels to be always 
immersed in wat^r, their axi^ being placed parallel to the 
current: to give Xjj^c water more actWity this heJicoid 
wheel might be inclosed in a hollow cylinder, where.the 
water, when it had once entered, being impelled by the 
current above it, would in our opinion act with a^great 
force. 


If the cylinder were placed in an erect position, so as 
to receive a fall of water through the aperture at the top, 
the water would turn the wheel and its axis, and might 
thus drive the wheel of a mill, or df any other machjiBe* 
Such ia the principle of motion employed in the wheels of 
Basade, a famous null at Toulouse*^ 

III. The smoke jacks hone in England aro made oomc^ 
what different from that above described; being mosljy 


the manner of that t^xhiblted in fig. 55, plate 1.3; 
where ab is^a circle containing the smoke vaues, of thin 
sheet 1^, all fixed in the centre, but set obliqueJy^^« 
proD^.angle of incliiiation. The other end of the spi^le 
pinion c, whihh turns the toothy wheel .the 

wl^e (^.wbw|rai)$xeil the <^beel 6vii wbLch 


tk& 
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the chaui £p whlcli turns the »pit '‘?^h ftt 

ani tkber fortts of this useful machine j»lso made; but ftfi 
6r itaost of tbem hefiog the ^me kind of vdn^ u\ tbe 
cihsie A^f instead of the spiral form in the original. 

FBOBLEM XXXIU 

m V 

•, 

WhtUr u ^ that ^Mr’pptn'U in an ttpri^Ai positior}^ a iopcr 

tctumy wAtie: ii is mohing ? 

Ith Ae centrifugal force of the parts of the top or 
totuiti^ put in motion* For a body cannot moire circiilafty 
without ttiaking an effort to By o^ from the centre; so 
that if it be afHaed to a string, made fast to that centre, 
it will stretch it, and in a greater degree according as the 
circular motion is more rapid. 

The top then being in motion, all its parts tend to re^ 
cede from the axis, and with greater force the more ra¬ 
pidly it revolves; hence it follows that these p.irts are 
like so many powers acting in a direction perpendicular 
CO the autls. But as they are all equal, and as they pass 
all round with rapidity by the rotation, the result must be 
that the top is in equilibrio on its point of support, or the 
extremity of the axis on wlii^h it turn!^. 

■ 4 - 

PfiOBLEM XXXIIl. 

Jfow U that a stwJCf loaded TPilh a at th^ upptr 

€jptyemUiff van bt kept in equUibriOf vii rite point of tAe 
H fnget'f muck easier than wkjen (fie wefgkt is near the 
lower exirtnut ^, or ihai a sivord^ for r rample^ am be 
balanced on theforger muck better^ when the hilt is up~ 

_ |wn»wf? 

^ The rca5on of this phenomenon, so ^vcil known to aR 
those who perform feats of balancing, as follows* When 
thdVcight is at a considerable distance from the ]9oiiit of 
^pfllort, its centre of gravity, in deviating either on tlie 
Ctte'^ 9 '^ 3 r the other from a perpendicular directfoti^ 
jde«eHh4s 1 larger'whenis vel^y 
Toi* n* ' ^ ’ ' n 



50 


TO STAND FlUHfSTf 


nevr to the c€ptrs of rotiittoPt or4be point of.stipporu 
But in a Iarg<^ circle an arc of a deterinioate inagnittl4«t 
snch as an inch, describes a cntrc t^hich deviates ^muob 
less from a horizontal direction than if the radiiia of tho 
circle were Jess, The centre of gravity of the weight 
then may, in the first case, deviate From the perpendkillaf 
the quantity of an incli, for example, without having a 
tendency or force to deviate more, than it would in the 
second case * for its tendency to deviate altogotbet &onfi 
the perpendicular is greater, according as the tangent te 
that point of the arc where it happens to be, approachea 
more to a vertical direction. The greater therefore the 
circle described by the centre of gravity of the 
the less is tCB tendency to fall, and consequently the greaUf 
the facility with which it can be kept in eqtitlibrio- 

P%0£LEAI xxxiv* 

jyhai if the most adi;antcige&uspositi>7i of the feet for stand~ 
mg with JiminesSi in ait erect posiuref 

It is customary among well bred people to turn their 
toes outwards j that is to say^ to place their feet in such a 
manner, tliat the line passing through the middle of the 
sole, is more or less ob/iqne to the direction towards which 
the person is turned^ Being induced by thU circumstance 
to enquire whether this custom, to which an idea of giUce- 
fulness is attached, be bounded on any physical or mechst* 
nical reason, we sliall here examine it according to the 
principles of mechanics. 

Every body wfiatever rests with more stability on its 
base^^coiding as its cenu'e of gravity, on account of ita 
and the extent of tfmt bfise, is less exposed to be 
parried beyond it by the effect of any extertiai shock^. The 
problem then, in consequence of this very simple priraple^ 
^ reduced to the following: To dotennitie wt|e^r thft 
wittun wZ^h the Jihe df^^^perp^iHiicUbr to^.tbe 
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TiorieOn fi'diw the cerrtre of graTity of tb# hdtnair boc^ 
otfght to^h, is auscoptibtd of iucrefi^e and dinatoutioni 
to the poaitwn of the feet; and what is tlite posii-^ 
tlon of the feet wiiicb gives to that base the gfeateeft e^w 
tent. Bat this becomes a probJem of pure geometry^ 
which might be thusespres^d r Two Hf^s ad aiid nc (lig: 
$l p?- 6) <if fetigihf and mtAwaSle around the paints A 
and B, as centres, bmig,ffit>en} to determint their position 
when the trapezium or quadrilateral abod is the greatest 
possiblet This problem may bo solved with the greatest 
facility, by methods well known to geometricians; and 
frcAn the solution the following constriic?tton is deduced. 

On the line a ti (fig. 3ii pi. 6), equal to aj>, or bc, con* 
struct the isosceles triangle aii rightangted at h ; and 
make ak equal to ah. Having then assumed At equal to 
one half of ag, or one fourtfi of aji^ draw tlie line ki, and 
make ie equal to ik \ on on: if an iiHlefinite perpendicular, 
iD^^sect^^g in d, the circle described from the point a ap 
a centre, with the radius ad, be then raised, the point d, 
or the angle dae, will determine the position of ab, and 
consequently of bc. If the line ab, and consequently ag 
or Ai, be nothing, or vanish^ ar will be found equal to 
ad j and the angle dae wili he half a ught one. Thus, 
when the heels absolutely touch eacli other, the angles 
which the longitudinal lines of the sole^ of tlic feet ought 
to fbrm, h half a right otic, or nearly so, on account of the 
small disiaztee which is then between the two points of 
rotation, in the middle of the heels. 

If the distance ab is equal to ad, the angle dae ought 
to be 1(6 degrees; if ab is equal to twice ad, the angle 
DAE ought to be nearly 70 degrees; and in the last place, 
if AH btf equal to 3 times tiie line ad, it will be found that 
i^Als might to be nearly 74^ 30'. 

'hefnee seen, that in proportion as the feet arc at a 
glcdsittt distance from each other, their direction, in order 
or walk witli tuoim Btability, jought to approach 

ns 
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nearer to paratltilism. But, in general, mechanical principle^ 
accord with what is taught by custom and gracefulnesa^ a> 
U is called ^ that is to say, to turn the toes outwards^ 

PROBLEM XXXV* 

Of the ga}7te of Biiliards, 

It is needless to explain here the nature of biUiarda^ It 
is well known tliat tltis game is played on a table covered 
with green cloth, properly stretchedj and surrounded by 
a stuffed border, the elasticity of which forces back the 
ivory balls that impinge against it. The winning strokes 
at this game, arc tho^e which, by driving your ball against 
that of your adversary, force the latter into one of the holes 
at the corners, and in the middle of tlio two longer sides, 
which are called pockets. 

The whole art of tlii^i game then consists in being able to 
know in what manner you must strike your adversary’s ball 
witli your own, so as to make it fall into one of the pockets, 
without driving your own into it aJso^ This problem, and. 
some others belonging to the game of billiards, may he 
solved by the following principles. 

Ifit. The angle of the incidence of the ball against one 
of tl le edges of the table, is equal to the angle of re- 
flection* 

2d* When a ball impinges against another, if a straight 
line be drawn between their centres, which wiii consc^ 
qucntly pas.s through the rrLniit of con tact, that hue will 
be the direcUou ot' the Imo described after tlie stroki^^ 

Thc'ie things being premised, we shall now give a few 
of the problems whitdi arise out of this game* 

It 2'he pasiiicn of the pocket arid that of the two haUt m and 

N beirtg given {fig* 33 pi, 7); to strike your adverse^i^^ 
- bail M in s^ch a mannery that it shall/all into ike pocket. 

Through the centre of tfie given pocket and that oP%he 
ball, draw, or conceive to be drawn, a straight line^ the 
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point where it intersects the surface of tWballoon the 
side opposite to or farthest from the pocket, wiU be that 
where it ought to he touched, In order to make it more in 
the required direction. IF we then suppose the above line 
continued from one of the radii of the ball, the point o, 
where it terminates, will be that through which the tm* 
pinging ball ought to pass. It may be readily conceived, 
that it'is in this that the whole dexterity of the game con¬ 
sists: nothing being necessary^ but to stnke the half in a 
proper manner. It is easy to see what ought to bo done, 
but it U not so easy to perform it. 

In the last place, it is evident from what has been said, 
that provided the angle nob exceeds a right angle ever so 
little, it is possible to dnve the balJ m into tlic pocket. 

IL To ^inka the ball by refocticn^ 

The ball m {fig. 34 pL 7) being concealed, or almost 
concealed, behind, the iron, in regard to the hall x, so that 
it would be impossible to touch it directly, witbcuit run¬ 
ning the risk of striking the it on and failing m the attempt j 
it is necessary, in that case, to try to touch it b)- reflection. 
For this purpose, conceive the line mo, drawn perpen¬ 
dicular from M to the edge DO, to be continued to m\ so 
that o nn shall be equal to om. If yon aim at the point 
7 ?i, tbe ball N, after touclung the edge dc, will strike the 
baJI u. 

If It were required to strike the ball m 35 pi. 7} by 
two reflections, the geometrical Holutioii, in ibis Case, is as 
follows. Conceive the line mo, drawn perpendicular from 
the point M, to the edge bc, to be continued till o tti be¬ 
come equal to om. Conceive also tl..> line m p, draw* 
perpendici !ar from the point m to the edge cootinued, to 
be continued lo until p ^ bc equal to p /n; if the ball N 
be directed to the point after impinging against the 
edges PC and ce, )t will strike the ball u. 
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To those, in the least arrjiiamtad with geonfctrjj thfc 
demoiustration of tills problem will be easy* ^ 

(.41 

ur. If a hall strikes against nmih^r in any iwe^twn^ 

€vtT^ ’uthai is the direction of the impisging baU ifS&t 
shock? 

> 

j ■! 

ft is of importance^ at the game of hilhard^, to be able 
to know ivhat will be the direction of your own bail afteif 
it strikes that of your dllijrcrsary obliquely; for every om 
knows that it is not sufficient to have touched the latter^ 
or to have driven it into the pocket; 3^00 must also pre¬ 
vent your own from falling into it. 

Let M and n (fig, 36 ph 7) be the two balls, the httet 
of which IS to strike the former, touching it in the point 
o. Through this point o, let there be drawn the tangent 
op; and through the centre m, of the ball k, when it 
arrives at the point of contact, draw or conceive to be 
drawn n p, parallel to op ; the direction of the impinging 
ball, after the shock, will be np, A bad player would 
here be infallibly lost; and indeed this is often the caAO in 
this position of the balls, Expert players, when they find 
that they have to do with novicei^, often give them this 
deceitful chance, winch makes them lose, by driving their 
ball into one of the corner pockets. In this case yon must 
not take the ball of your adversary by haifs, according to 
the technical term of the game, to drive it to one of the 
corners at the other end of the table; for in doing so, you 
will not fait to loKc ymirseif in the other corner. 

Rbmauk .—111 reasoning on this game, we set out from 
common principhis; but we must confess that we hate 
some doubrs on this subject^ the reason of which we shall 
here explain^ 

Jf the balls had only one progressive movement for- 
WArds, wLtlioui rotation around their cehire*, tbev^ove 
principles iMji.ld be evidently and sufficiently dtiAtdb- 
stmted. But every one knows that, independently cf Ais 
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pwgresivti motion of the centre, a billiard ball rolls oa 
the table in a plane Which perpendicular to^t. Wbea 
a ball then touches the edge, and b repelled with a force 
neori^ equal to that with which it impinged, it would ap- 
|iear tliat this motion ought to bo compounded of the 
Totaty motion it had at the moment of the shock, and that 
which ft has in a directioii parallel to the edge. But since 
the 6r5t of these motions compounded with the ktterj 
gives the angle of reflection to the angle of inci* 

dence, what then becomes of the second, which ought to 
alter the first result? In our opinion this is a dynamical 
problem, which has never yet been solved, tfiough it d^ 
serves to be so. 

However, this rotary motion, in certain circumstances, 
gives a result which seems contrary to the laws of the im* 
pinging of elastic bodies; for according to this law, when 
an efastic body impinges directly and centrally against 
another which is equal to Jt, the first ought to stop, in con¬ 
sequence of having communicated, as is supposed, all its 
velocity to the second# But at the game of billiards, thb 
does not take place; for here the impniging hall continues 
to move, instead of stopping short. Tins effect is partly 
a consequence of the motion of the impinging ball around 
its centre; a motion which subsists in a great measure 
after the shock, and jt h this moMoii partly which makes 
the ball still move forwRrds. Another cause of the striking 
ball's moving forward, is the want of perfect elasticity in 
them both, on which account that ball still retains some 
portion of its direct forward motion, the other hall, which 
is Btnick, receiving the rest of the motion. 

problem 

r<f conslt'tict a Water Clock, 

> This name ie given to a clock shaped like a drum or 
b4rrel|as a»cd, (fig. 31 pi- bi made of metal well soldered, 
End put iti i&ction by a certain quantity of w ater contained 
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m the inside of it. The hdnrs are indicated on two 
pilUra^ between which it ia ituspended by sotatl striofS'Or 
cords, roiled round tn axis, cTcry where of ti^e sain« 
thickness. The internal mechanit^m is exceeding^ iin* 
geniDua, and deserves a better explanation than wl£t 
been ^ivco of it in the preceding editions of th* 
maticai Kecreations, where Ozanam does not tell us hoir 
the machine goes and is supported, as we may say^ in the 
air, without failing, as il^ems it ought to do« 

Let the circle 1^34 (hg. 3S) represent a section of 
the drum or cylinder, by a plane perpendicular to its axia* 
We shall here suppose the diameter of it to be six indies^; 
and Jet A, B, c, n, e, p, c represent seven colls, the partU 
tioDs of whtcli are formed oi^ the same metat, and are well 
soldered to the two circular ends, and to the circular band 
which forms the circumference. These partitions ought 
not to proceed from the centre to the circumference, but 
to be placed in a somewhat transvwrue direction, so as to 
be tangents to an interior circle, of about an inch and a 
Jiaif in diameter: the small square h is a scettou of the 
axis, which in that part ought ro be square, and to fit very 
exactly into hole^, of the same form, made in tlie centre 
of each ctid of the cylinder. Each partition also ought to 
have in it a small round hole, as near as possible to the 
circumfereticc of the cylinder, all pierced with the Siiitie 
piercer, that tliere may be no difference atnong them. 

Let us now suppose that a. certain quantity of water, 
about S or 9 ounces, has beim put into the cylindcT, and 
that it has already distributed itself as shown by the hori¬ 
zontal shading hues fig, 3S* if the line ik represent the 
two strings, on and ef, (fig* :j7), rolled round the axis of 
the cylinder, it may be lasily suco that the centre of gra« 
vity, whtlcb, dt the machine were empty, would be in the 
ceritrt^f'the figure, being thrown out of the line of sue* 
penSi^, and towards the Hide where the machine hat a 
teitdeiy^y t6 fall, it would indeed fail; but the effect 
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tlie^ behind the partition is to throw back the 
centre of gravity, bo that if it^were on this side the vertical 
lijio Kt continued, the cylinder would revolve from d to <, 
inotd^^ to be in chat vertical; and in this position the 
Doncbiira^oiild remain in equiiibriOj if the water could not 
proceed from the one cavity to the other; for the cylinder 
cannot revolve in the direction agf, without making the 
centre of gravity a5ceiid towards p: in the like manner it 
cannot revolve in the direction without the centre 
rising on the opposite side. The machme must then re¬ 
main in cquihbno, until sotnethitig is changed. 

Buty if tile water Sows gradually through the hole in the 
partition D, which is between the cells u and £, it is evi¬ 
dent that the centre of gravity wilt advance a little beyond 
lit continued, and the machine ivjl imperceptibly revolve 
in the direction agf; aod since by descending in this 
manner, the centre of gravity is thrown towards the verti¬ 
cal line Ki produced, the equilibrium will at the same time 
be restored, and this motion will continue until the W'hole 
of the cord be unrolled from the axis* This tnovemeut 
indeed will not be altogether uniform, for it is evident 
that when the watci i:* alniott entirely bdinid the partition 
D, tlie cyliikdcr will revolve faster than fien it lias nearly 
flowed off; and the periods of these in equalities during a 
whole revulution of the cylinder will be equal in number 
to the celb; a circniuhtaucc which seems not to have been 
observed by tlioae who have written on clocks of this 
kind. 

To have an exact division of time by tlie^e means, it 
will therefore be necessary to make a mark on the cir¬ 
cumference of the cy Inider, if tiie machine bts then wound, 
Up high as possible, and disposed in such a manner that 
the markshJl be at tlie top of the cylinder, ygu will have 
fi good clocks with which you must mark, during a whole 
revoluttou, the points of the hours lapsed. But care must 
b&.^iakeii^thal the number of hours shall be an integeC 
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inimber, as ft, 4, 6, &c; and far that ptnprisft tbe mcwe* 
ment of the machine must be retfkrded or accelerated till 
the proper prcchian has been obtained ( otherwise it might 
err aome minuted, and perhaps a quarter of an ho^ Hqw 
this movement maybe accelerated or retarded,shall 
show hereafter. 

In the last place, in winding up the clock, care must he 
taken that when the axis is placed opposite to the first 
division, the mark mdBe in tbe cylinder shall be in the 
sanno position; otherwise there may be an error, as already 
said, of some minutes* We shall now add some useful 
. observations in regard to this object. 

I. It is absolutely necessary that the water employed be 
distilled water; otherwise it will soon become corrupted, 
so as to stop up the holes through which it ought to fiow; 
and tbe machine will consequently stand still. 

TL The substance most proper for constructing the 
cylinder of these machines, is gold or silver; of, what is 
cheaper, copper w^ell tinned on the inside, or even tin 
itself, 

HI. This machine is apt to go a little faster in summer 
than in winter, and therefore ought to he regulated from 
time to time, and retarded or accelerated. For this pur¬ 
pose, it will be necessary to add to it a small weight as a 
counterpoise, tending to make it revolve outward. Thifi 
weight ought to have the form of a bucket (fig« 39 pK S}; 
and to be of some light substance, so that it can be charged 
more or less by means of sniall drops of lead. To ac¬ 
celerate the machine, two or three drops of lead may be 
added ; and wlien it is necessary to retard it, they may be 
removed; which will be much more convenient than add¬ 
ing or taking away water. 

IV > Tbe place where the axis passes through the cylinder 
must be well cemei^led ; othefniisc the water Wiitfd 
gradually evaporate, by which means the m^ohine would 
be continually retarded, and at length would atofh - ^ 
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' HotwiUtstandiog all these precautions^ it may be 
readily aceoj that a machine of tills kind is rather an ob^t 
of euriOBity^tban calculated to measure time ^ith oecuracyh 
It siasjte proper for the cell of a convent^ or a cabinet of 
mpyiaMcal clinos!ties; but it will certainly never be used 
by the astronomer/ 

VL The inventor of this kind of clock is not knotvn* 
O^anam, who wrote in 169^^ says that the hrst Geen at 
Paris about that period had been bfbught from Burgundy; 
and he adds that father Timotbyj a Barimbite, who en-* 
celled in mechanics, bad given to Ibis machine all the per¬ 
fection of which It was susceptible. This monk had con¬ 
structed one about 6 feet in heigtit, w hie It required wind¬ 
ing lip only once a month. Bcsules the hours, which were 
marked on a regular dial plate, at the top of the frame, it 
indicated the day of tijc month, tlic festival^j throughout 
the year, the sun's place, and his rising imd scuingt well 
as the length of the day und night* This wait performed 
by means of a small figure of the sun, which gradually 
descended, and w'hich, when U reached the bottom of the 
frame, was raised to the top at tiic end of every modtll* 

Father Martinclh has treated, at groat length, on these 
clocks Italian work, entitled llorologi Elementari, 

in which he delivers methods of making clocks by meana 
of the four elements, water, earth, air, and fire- This 
wolK was printed at Venice, in 1663, and is very rare. 
The autitor bhows in it how striking machinery may be 
adapted to a water clock; ith other curiosities, which 
are sometimes added to common clocks. 

FUORLEil XXXVlJ* 

MECHANICAL PARADOX- 

* 

fiptiU weights placed <rf distance from the Qf 

(, . .. mpp&rt of a hahnee^ shaUiSe in eqttilibrw^ 

Provide a frame in the form of a parallelogram^ such aa 
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DEFG (fig, 40 pt* 8), cDTiHnictrf of four pieces of wood, 
joii>ed together in sucfj a. manner as to move freelj^ at tb^ 
angle$^ that t]}c frtinc can change its rectangular form 
into that represented by the letters gd. The lom^ides 
Ought to be about tivicc the length of tlic otherj^Thw 
frame is inserted in a cleft formed m the perpendicular 
stand BC, so as to be moveable on the two points i and h, 
where it United in the stand by two small axes; in the 
last placCj two pieces of wood^ mn and kl^ pass through 
the shorter sidc^, in wJiidi they are well Axed, and the 
whole apparatus rests on the stand ab. 

Now jf the weight pj be suspended from the point Mj 
which is almost at the extremity of the arm the most 
distant from the centre or centres of inodon; and if tli^ 
weight equal to the former, be suspended from any 
point of the other arm Kt., nearer thu centre, ^ud even 
within the frame, these two weights will always be in equi- 
Jibrio^ though unequally distant from tlie point of support 
or of motion in this kind of balance \ anti Uicy will re* 
Qtam -so, whatever situation may bo gi^en to the machine, 
as e/dg. 

The reason of this effect, which at first seems to con¬ 
tradict the principles of statics, la Imwever very stmplc- 
For two equal bodies will be in equillbno, whatever move* 
luent may be made by the machine from which they 
suspended I if the spaces pa-ssed over by tliese two bodies 
or weights are equal and similar* But it may be readily 
seen that this must necessarily be the case here, since the 
two weights, whatever be their position, are obliged to 
describe equal and parallel lines. 

It may be readily seen ako^ that, in such a machine* 
whatever be the position of tlie weights along the arms 
MN and KL, the case will always be the same, as if they 
wei^ KQspcnded from ^e middle of the short sides bi> ajpa 
FG«'. But in the latter case, the weights wouTd be in oquk 
hbrtOf therefore in former also. 
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problem XXXVlIf, 

FVAat velocity must h given to a machinCf moved iy wafCfi 
j^order that it may produce the greatest effect t 

is not a matter of indifference^ wifi readily 
appear 'from the following observaiion. If the wheel 
moved with the same velooity as tlie fluid, it would expe^ 
fknee no pressure j consequently the weight it would be 
capable of raibing would be nothing, or inflhttely small. 
On the other hatidj if it were immoveable, it would expe^ 
rience the whole pressure of the current ; but in this case 
there would be an equilibrium, and as no weight would be 
raised, there w'ould coiisequeutly be no efKect, There is 
therefore a certain mean velocity, between that of the 
current and no veloeiiy at all, ^hich will produce the 
greatest eflect^—an elibet proporiiomil, in a given time, to 
the product of the iveight multiplied by the height to 
which it is raised* 

We shall not here give the analytical reasoning whiefr 
conducts to the boJution of thu problem: We shall only 
observe, that in a niticliine of tlic aljovc nature, the velo* 
city of tile wheel ought to be equal Vt a tliird part of that 
of the Giurciit. Consequently die resi^ifUice or the weight 
must be increased, until the velocity be in this ratio. The 
mad]i no uill then jirodiice the greatest effect possible, 
Kemare* —The above proportional part, viz, one third, 
lb an old error which lias been prope'li' corrected by a 
late author, who bus shown, both thcoieucally and practi- 
i^ally, that the water wheel works with the greatest effect, 
when its velocity is equal to half the velocity of the stream 
which turn^^ it. See ihe Transactions of the American 
Philbsophical Society, voL 3, p* 14^; or Dr* Hutton’s 
Dictionary.. roL 2, under the word Mill* 

^ * problem XXXtK * 

fP'h&i w the greatest number of ffoaf^oardSf that tmght to he 
dppiied i-j a wheel moved hy a current of zodferj m order 
to make it produce the greatest effect f 
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It was loi)^ buUevecL th^t the Boat^boards of such a 
wheel ^aght to be ao propoitioBedi that when one of diem 
w«a ID a vertical poaitioD^ or at ihe middle of it« immer¬ 
sion, the next one should be just entering the A 

great many reasons were assigned for this inode ct cod* 
structioD^ which however are contradicted by caleDlaticotf 
as well as by experience. 

}t is iKiJjl^emonstrated, that the more Boat-boards such 
a wheel has, the greater and more uniform will be its 
&ct. This result is proved by the researcl|es of the abb# 
de Valernod, of tlie academy of Lyons, aiid those of Rf* 
dll Petit'Vandin, to be fouiul in the first volume of the 
M^moires des l^avans Etrangers. 

The abb^ Bossut, who examined, by the help of expe-* 
riments, the greater part of the hydraulic theories, has 
demonstrated also the same thing. According to the ex« 
perunehts which he made, a w^hcel furnished with 4^ 
float-boards, produced a mucli greater effect, than one 
fliraished with 24; and the latter a greater effect than 
one with 12; their immersion in the water being equah 
M- du Petit-Vaudin therefore observes, that in Flanders, 
where running water is so exceedingly scarce, as to render 
it necessary to turn it to the greatest possible advantage, 
the wheels f>r water-milis are furnished vritli 32 float- 
boards, at least, and even with when the wheel is from 
LB to 19 feet ill diameter. 

efiOBLXM XL< 

1/ ihet'n be two cylmderSf containing cxatil^ the same qum^ 
iity of matter^ the me ^ohd and the ather hdim^ mdh&th 
of the same, itng ih ; ^hieh of iktrn wiU sustain^ tMUTAottl 
breakingy the greatest weight iu&pended^frsm (f iU 
ewfTpmitkSf the other being fixed ^ i ' 

Soin*2f (ind perhaps several of our readers, may ho it^ 
efloed to think that/|^e base of rupture b|iDg kho settle^ 
everyihiaa eW ougbt^ to be equal. On the Bivt view, 
ono u^ht he induced to consider the ralid cyliador as 
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pablsfof presenting' greater reeiatance to being broken; 
tlneltofwcwr would be a oiistaket l- 

GallJeOj who firttezBinined mathematicalty theresisfcaitce 
of being broken by a weighty has shown that the 

bollo%^y Under will present the most resistance;^ and tbit 
this risistance wiJi be greater in the transverse direction^ 
according as the hollow part is greater. He even shows^ 
firom a* tb^ry which approaches very near tN^j^th^ that 
tite resist^ce of the hollow cylinder will be to that of thi 
solid one^ as the whole radius of the hollow is to that of 
the solid. Thus the resistance of a hollow cylinder, har* 
ing as much vacuity as solid, will be to the resistance'of « 
sohd one, as ^2 to 1, or as ri41 to 1*000; for the radius 
of the former will be while that of the latter is unity. 
The resistance of a hollow cylinder, having twice as mdeh 
vacuity as solid, wdl be to a solid one, as to 1 , or ai 
1'7S to ] *00; for their radii will be in the ratio of ^3 to 1. 
The resistance of a hollow cylinder, the solidity of which 
forms only a 20tb part of the whole volume, will be to that 
of a solid cylinder of the same mass, as to I, or as 
4‘31 to 1^00} and so on. 

Kemakk.—I t may be readily observed, and Galileo 
does not fail to take notice of it, dial this mechanism is 
that which nature, or its Supreme Author, lias employed 
on various occasions to combmo btrengtii with lightness. 
Thus die bones of the greater part of animals are hollow; 
by being solid, with the Bamc quantity of matter, they 
would have lost much of their strength; or to give tbent 
the same power of resistance, it would have been neces^ 
saiy tOitender them more massy; which would have le> 
aaned the facility of motioiu 

The stems of many plants are hollow also, for the very 
aacoa'raison. In the last place, the feathers of birds, in 
tl^fennation of which it was nece^Pd^y that great strength 
ahcmhl he united with great Jightneas, are alip ho)tow^ 
aad thw even occupres the greater part their 

whole diameter; so that the sides are exceedingly Ain. 
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^ ^ ‘ PEOSLEM XLI. 

h 

Tq €omtrtAci a laniemt uf&ici slt^ give at tic iotietii 

of tie mUtr* t 

^ lantern must be maiie of lea-ther, wbieh %|i[T4i^ 
the wivfi3 better than any other subKtanco \ and be 
furoished wUb two tubesi having a c omnium cation with 
the air above. One of these tubes U destined to admit 
fresh air^^Hl^iaintaining tlie combustion of the eandie or 
taper; and the other to serve as a clumney, by affording 
a psuisage to the smoke: both must riso to a sufficient 
height above the surface of the water^ so as not to be eo* 
vercd by the waves when the sea is tetnpestuoiia. It may 
bo roi^ilj conceived^ that the tube which serves to admit 
fresh air, ought to commumcate with tlie ian^n at the 
bottom; and that the one which serves as a chimney^ fiiusit 
be cotmeeted with it at the top. Any number of hole^ at 
pleasiir^j into which glasses arc fitted, may be made in 
leather of which tlie ianturn is constructed j and by these 
means^e^ight will be diffused on all sides» In the last 
place, the lantern tnu^t be suspended from a piece of cork^ 
that it may rbe and full with the waves. 

A lantern of this kind, says Ozanani, might be employed 
for catching by stcaas oe light; but this method ef 
fishing has, ni some countries, been wisely forbidden under 
severe penalties. 

PROBLEM XLEI. 

To consit^ct <i lumpt tekkh Mihail preserve its mi in ecety 
V situaXian^ h&soever mmitd or imlimd* 

To construct a lamp of ihlsjtsnd, the body of it, or the ^ 
■vase that contains the oil and the wick, must havo-tbe 
form of a spherical segmet t, with two pivots at the 
diametn^ly opposite to each other, and made to Adri3f,j[n 
twoat the citu^ities of the diameter of a briift.OT 
I'his must, in like manner, be furpint^'^ 

two ]f^vots exactly opposite to each other, and at 
distaaftc of 90 b from the hoJea in which the loitfief htft ii> 



■ 

sert^. These deco(nd,piv<ita ceust be made to tilth in two 
iK^tedihmetileally'opposite^ n a ^second circle; attd tBis 
secon^ cj^cle must likewi^ be farnished with twjb^iydta, 
inBetd|||||ii'Aoine concave bodyj proper to se^e 
1the whole lamp: - 

It may be readily seen that, by this method of sn^^h* 
stem, whatever itiotioti be given to the lamp-^^Diess too 
abruptly, it will always maintain itself tiiwiwriaontal 
liKKsition. 

^ . Tkis method of sdspension is that employed for the 
m&riner^ compass,so usefat to navigators; and which must 
always be preserved in a horizontal situation. We havS 
read in some author, that Cfiarles the 5th caused a CJ^Ii^iage 
to- be stigpendtd in this manner, to guard against the 
datigcr of being overturned, 

* ritoaLRM XLlll. 


Mfi^hodiff cmstrucihg an ancnwstofi^ dnd an ane^meier* 
Th^ two luachmcs, which in general are contoiinded, 
are not however the same. The anemoscope selrves for 
pointing out the difretiem of tlie wiiul, and therefore, 
properly s}>caking, is a weathc^r-cock; but in common 
this term is used to denote a more comph^x niachitio, which 
ludKates the direction of the wind by means of a kind of 
dial-plate, placed either on the outside of a house, or in 
an apartment. In regard to the anetiioineter, it is a niar 
chine which serves to indicate, not only Misdirection, but 
the'duf^ttton and force of the wind. 


The mechanism cf the anemoscope is very simple. (Fig- 
4-1 'pi: 9). In consists, in the iirst place, of a weather- 
Vffek* fkised above the building, and supported by an axis, 
oli^^tihd^ 6f ii^liich, passing through the ~^oof^ made to 
tuirp^iMt^ s^icfact fitted to receive it, and with such facility 
at! the least of thejgjwJ* On tliis axis is 

fwc^JA-crownjt.wheel, the teeth aOfhich being turned 
dow^f^^rda, fit into those of a vertical w heel, ^actly oF 
the placed on a hariA>ntal axis, whithat ilt$ in- 

vot. n, > 
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teQAty ifl furnuhed with'an index. It ii hence. 

that when the vane makes turq, the index will ufah^ 

one^^jcaetly s\m. If this index then be placed m vueb « 

fic^iieF aa to he vcrtiiialt when the wind iw nortqgj^bhd jif 

care b£'taken to obsf^ve in what direction it 

changes to the west, it will be easy to divide the dialrpl^bt 

into SS 

' An at iroro eter, if it be required only to measure the 
intenaity or force of the wind, may be constructed with 
equal ease. We would propose the following. 

( 6 g- 42 pi. be an iron bar, hxed in a horizontal dhrpoii 
tion to the vertical axis of a vane. The extremities ofthid 
bar^ which are bent at right angles, serve to support n 
' horizontal axis, around which turns a movealtlc frame 
ABCD, of a foot square. To the middle of the lower side 
of thji^fraine is lastcnetl a very fine but strc^irilk 
thread, which pas^tes over a pulley f, fitted into n deft^Q 
the vertic^ axis of the vane, whence it descends along 
the axis to an apartment below the roof. The distance 
OF must be equal to oe. To the end of the silk thread is 
suspended a small weight, just sufficient to keep it stretched. 
When the frame which, by the turning of the vane, will 
be always presented to the wind, is raised up, as will be 
the case, more or less, according to the force of the wind, 
the small weight will be raised up also, and will thua 
dicate, by means of a scale adapted to the axis of tfan 
vane, the strength of tlie wind. It may readily be por-^ 
ceived. that the force of the wind will be equal to zero, or 
nothing, when the small weight is at its lowest pCHUt) 
that its maximum, or greatest degiee, will be when it is 
at its highest, which will indicate that the wind IdS^^the 
^ fraind!^ ^ horizontal position, or very nearly so, ^ j. 

31^ forte of tW^nd, according to-the difierent^dlV 
fdi^bn of tht fram^^&y be determine with still.^Mser 
for this force will always be equal to 
Int^iweight of the framewhich la known) idiil^pliedhy 
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die rioflof^hefangle irhtch k imlte? with tbe tdrtio&l MiH^ 
fib(|p(tiTided by die~square w tbe wine angle. :.N(?4hiQg 
thicje^lrilj^be iiecewary^ but to^taBcertam^ by tbe i^f 

thb^^jUji weight afExed to the thread £fp» the 
'Of fte But this ^ easy j for (t may be lesicitly seen 

that the quantity ivhich it lisefi above the lowest poiai^ 
will always be equal to the chord of the angLa&rmed^lqr 
the fraiiie with the vertical plane, or to daui3lrai)& sine of 
the half of that angle. Tlie extent therefore of this angle 
majr be marked along the scale, and also the force of 'the 
wind, calculated according to the foregoing rule* 

Ii> the Memoirs of the Academy of Sciences^ for the 
year 1734, may be found tlic description of an anediome- 
tcp, invited by M. d^Oiis-en*Bray, to indicate at the 
same'time the direction of the wind, its duration in that 
direction, and its strength.This anemometer rn^ts that 
"Pft should here give some idea of it. 

It consists of three parts, via, a cominoa clock, and two 
Other 'machines, one of which serves to mark the direction 
of the wind and its duration; the other to indicate its 
forcCp 

The first of these machines conaists, like the comiroii 
anemoscope, of a vertical axis bearing a vanc^ which by 
means of some wheels indicates, on a dial-plate, from what 
quarter tlie wind blows; the lower part of this axis passes 
through a cylinder, in which arc implauLed 32 pins, in a 
spiral line; and these pins, by the manner in which they 
present themselres, press against a piece of paper, pro 
pOdy prepared and stretched, between two vertical co- 
Hlmtia or axes, on one of which it is roUed up, white it ia 
from the other. This rolling up and unrolling 
are jf^erforcued by the simultaneous motion of two a;(es, 
'vrblift^ro made to m^ve by the above mentioned- 

be readily conccived^t^, according to the 
of thQ vane, one of the pins will presi^t itadfto 
^ tbe:|ff$puced paper, and by pressing gently against it will 
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leave a the Jength of lybiclh will j^idicate 
tlOQ of thb wind, , ff two (leighbourijig pins make 

sitme timC} this will indicate that the win^JolloWed 
E middle d I root LDi). ^ 

The ]^rt of the jffemomcter which indicates the force 
of the wind, consists of a rail!, after the Polish ^nanuc^j 
which revives faster, according as tlie wind is sttonge)% 
Its vcrti^f^xis is furnished with a wheel that drlre^^E 
sraall machine, which, after a certain number of 
fortes a pin against a frame of paper, haring a motioE 
feiOiiJar to tiiat of tlio aDomumeter above described. The 
tlumlier of tficsc strokes, each of wliich is marked by.a 
bole, on a determinate length of this moveable paper^ 
notes the force of the wjnd, or rather the velocity of ^le 
circulation of the mi)], which is nearly in the same propor^ 
lion, for a complete explanation of the mechani^, 

we must refer to the Memoirs of tfie Academy of Sciences^ 
above quoted ; as want of room will not allow us to giye 
a more minute description of it In this place^ 

Rkmauk.—M any other forms of aticinomctars h%TO 
been Invented, in various countries. Of several of these 
the descriptions may be seen, with tlieir hgurcs and the 
calculation of their effects, in Dr. TIutLou's Dictioriaryi 
under the several articles anemombteu, eesistance, 
wiWDj and wine-(tACE. a'. ■ , 

PJtODLliM XLIV* ^ , H 

Construction of a Sleel-^utdt maam of which ike weight 
body maj/ be ascertahied^ without weights ^.. ^ 

‘ shall here de^icnbc trt o instruments of thU kiD4jI 
the one^por table ai’id adapted for ascertain mg iiiodj§!*^P 
weights, such af! from 1 lo 2^ or 50 pounds; 
fixed,'and cm ployed for weights much more 
apd evdi^f several t^^usand pounds. One of .the fa 

used mth^jiitoiu house at Pans; and.yej^J^e 
eQ(^|dy^^^Wtth great cotirenience, for wejght^ 
lOO^^d SOOO pounds. V, ^ 



The first of th^ steel is represented fig. 45 
ft ^DsbtA ci a metal tub^ about 6 inches In lengtl^ 
iind iu diameter^ a section of ivhich is here ^venf^ 

to shiS^ in the inaide of it a spiral st^il spring- T^ie 
end A, Ts pierced wth a square hole^ to afford a passa^ to 
Emetal rod, which h also square; and which passes tfirnugli 
thd ipriugj so that it is impossible to draw it i^Wrds witfi* 
out compressing the spring against the uppd^hd within 
the tube* To the lower part of the tube is affixed a hoObj 
frorfn’tvhich the body to be weighed is suspended. 

'It is here evidentj that if bodies of different weights be 
applied to the hook^ while the steel-yard is suspended by 
its ring, ;^ey will draw down the tube more or4ess, by 
fdvytng the upper end of it against the spring. Tiifi rod 
tb^fore must be divided, by suspending successively from 
tho hook different weights^ such as one pound, two founds, 
5cc, to the greatest winch it can weigh; and if the part of 
the rod drawn out of the tube each time be n^arked by a 
fine, accompanied with a figure denoting tlie weight, the 
instrument will be complete. WIten you intend to use it, 
nothing is necessary but to put your hngeiL' into ilie ring, 
to raise up the article you iiuend to wuigls, suspended 
frot^ the hook, and to observe, on the divided face of the 
Todj the division exactly opposite to the edge of the hole; 
the figure belonging to this division will indicate the nuj^* 
her of pounds which the proposed body weighs. 

The second steel-yard consists of twob^l^s, placed back 
to or of a single one bent in the form seen 

figj 44'pK 9, The part^AB is suspended by a ring from a 
sfrbtig b^oi, and the part uK terminates io a book at e, 
firbifi^hJeh the articles to be weighed are suspended. To 
t%p is fixed & rack, fitted into a pinion, connected 
%fiee}, the teeth of which fitted into another 
phiibiij haying on its axis an tudexVand this index makea 
revdlution, when Uie weight of 3000 pounds is 
from the hook £« For it may be readily sten^ 
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ibat.i^beD anj Weight }& susipcnd^ from ihe 
tsust he niore or leaa stretched } this'will 'give\n]Old^^ 
rack BFf aud the latter will tuTO the ptnioti iittb wBicIi 
it is fitted j and consequently ^ill give motion to tht^W%le^ 
and second pinion, having on its axis the index* It i« ibo 
evident, that in constructing the machine, such a fbree ttiay 
be given spring, or it$ wheels may be combined in ^ 
«uch a maiih^r, that a determinate weight, as 3000 po^i^lf 
shall cause the index to perform a complete revolution. 
The centre of motion of this index is in the centre'o#W 
. circular plate, marked with the divisions, tlial serve to 
dicate the weight. These divisions must be formed by 
suspending, in succession, iveights less than the greatm, 
in the arithmetical progression, as 29 hundred weight, Jd, 
27t ficc* This will give the principal divisions, which with¬ 
out any considerable error may be then subdivided 
equal parts^ 

When the instrument is thus constructed; tlien to find 
the weight of any article that weighs less than 3000 peUnds, 
nothing is necessary but to suspend it to the hook E ; and 
the index will point out, ou the circular plate, its weight 
in quintals, or hundreds, quarters, and pounds, 

REAtAEK.^^It may be proper here to observe, that this 
method of weighing cannot be perfectly exact, unless'We 
suppose, that che temperature of the air always remains the 
same 3 for during cold weather springs are stiffer,‘tfhd 
during hot weather are less so. On this account, We litive 
no. doubt that there is a difference between the same'Article 


. weighed at the custom house at Paris itt wintfeT'^d in 
amunier/ In winter it must appear to weigh less it 
does in summer* 
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a carri^^ zt?hkh a person tnsgjt ^1^^ 

f Jhm ^ place io another ^ witho^ thinffSst* 

,, :^tee met^ or horses. ^ ' 

A carnige of this kind is represented 
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‘ A. k 

may obser|ce^ IsU Two large wfaeel^^ which 
Qt^t to he about 44 inches lu diaioker; the circiljAft^ 
cnfo^^of ^theso whe^s consisd^of one piece; it &chT^red 
piece of iron, and ought to be pretty br6ad| 
njay sink less into the grount^ ^ i 

^ ^ ^di At the distance of about thirds of each B^kCj 
^{roin the nare of ibe wheel, is applied a roller, an inch in 
thickness, and turning on an axb, one end o^M^ch^is fixed 
in fhe spoke, and the other in a Rat circular piece of iron, 

, wj^iich by means of nuts and screws serves to keep aU the 
toners in their places. 

.. Sd. On each shaft, beyond tJic ^ace where it is crossed 
by .the axis of the two wheels, is fixed a piece of iron, 
shaped like a fork, which serves to support the axis of a 
^rank, ^having at its extremity a wheel with 4 teeth, cut 
^to the form of an epicycloid* These teeth are fitted into 
the Toilers above mentioned, and serve to turn the wheelp. 

^ The arm of the crank ought to be only S or 9 inches in 
Imgthi 

4th, A plan of the same tilings is represented fig. 46. 
jt exhibits the form of the shafts or frame, consisting of 
two parallel pieces of #oocl, a Httle concave on the upper 
tide, kept together behind by a turned bar of wood, and 
before by a piece of iron* These two crofi>s pieces serve 
tc{ support the two springs, on which arc placed a small 
feasy chair) furnished w'ith cushions, and a step for the feet. 
^ required) it may be fitted with an ambrella. It ought 
to stahd a little backwards, that the weight of the person 
, m4y uot throw the carriage forward- To the lower part 
' 1(1^ the foot is fixed a piece of bent iron, which in case 
Wchine should incline forward, tnay serve^to keep it 
resting against the fioor* To maintaij^ it firm 
a Jtinajl wheel is connected with the middle of the 
- of the irame, by a similar to that of 

bed^faUers; the vertical axis of which, for the gteater ' 
jpaites through a bar of uon fixed to the axia of 
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the large wheels. In the last plaalb^ the extremities'^^. 
fr^one or are furnished with two haDtlles, by oieapS'^' 
wl|jch the machine can be pufibeU forward by a servant m i 
difficult places; and in front there are two hoolts, to which^ 
traces chti be made in order that a horse maj be 
toched to the carriage if necessary. A more nunutc de*., 
scriptioiL of thib machine may be found in Mcmoircspr6^ 
sent£s a j^^cad^mie Royale des Sciences^ par divert 
S^avants, vol. 4. 

We arc niformed by M* Brodier, the inventor of this', 
machine, tlmt having caused omj to be cotislractedj it 
weighed no more, iueliidmg the weight of his body^ tbait 
S7fl pounds i and calculdtuig its elfoet according to the 
principles ot mechanics^ he found that on ascending an iiv 
cliued plane of 8 degrecii, it was capable of proceeding at 
the rate of 400 yards in 23 minutes, wljich is agi’cetibie to 
experience, ]iy a^cendjng in this manner, the persbh^ 
could not fail to be fatigued ; but on firm ground, and on 
a horizontal pavement, a person might direct it for, along ' 
timej especially if assisted in the difficult places by a 
child 14 or 15 years of age* - > 

The former editions of the Matlinniatical Recreations 
contain very brief descriptions of some niaclnnes of the 
like kiEid, The first is a smalt rolling chair of the usual 
fofm, with 4 wheeliii, of ivluch those before arc^ninveabl^ ' 
on tbeir axis, and roil only by the impulse of tboae behind* 
The latter are strongly jfiyfd to their axis, and this axis hix. 
in the middle a pinion fitted into a crown-wheel, which t)\e 
person who sits in rhecarri<t,;e turns by means of a handle^/ 
We much doubt whether this machine w# ever attendh^^ 
with success, or rather we consider it to be Very defectjjie^' 
SU1C6 power is applied as near as possibwIO' 

the ceojti^'df mutmn* ^ 

T^^^thcr carriage,!^ Ozanam aays, was moved 
bojijpbl^ behind, who trod alternately with/hia . 

tsfd^i^oreable treadles Thesetfeadles^ in rising. 
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■ i 

iogi lopved Uro pieces ofnwobd^ fitted fnto toothed 
fixed to the axis .of the large wboel^'' Blit this d^chantsnv' 
Wi]jr cxplahiocJ by O^an&m/both hi the descripUda ^ 
and the figure, tb»it no <^ne fern understand it; forbids raa-^^ 
son. wo have thought proper to oiam^ total change in tfaU 
article^as have done in many other!! equally defectiw'^ 

both in the form and the matter. 

PfeOULEM XI,VI* 

if comiTuciing a miall jiguret which wh^n lefi to 
iUeif descends along a small stair m its lumds and it$ 

This small machiiiej the mechanism of winch is very in¬ 
genious, was a few ycar.^ ago bronglu from India. It is* 
called the tumbler, because iu motion lus a great re* 
semblance to that of those jmrformcrs at some of the pub^ 
lie places of amusement, who throw themselves backwards 
resting cm their hands; tlieu raise their teet, and complete 
the circle by resmnitig their fomier position; but the figure 
can perform this movement only dcEcending, and along 
a sort of steps. Tlie artifice of tlijs small machine, is as 
follows: 

AB (Plato xi fig. 47) is a small piece of light wood, 
about 2 inches in length, 2 lines in thickne^js, and 6 in 
breadth. At its two cxtieniities are two itches c and 
which &ervCjto receive tw o small axusj ,ground which the 
legs and arms of the figure arc made to pUy> At each 
extremity of the piece of wood there ia also a smalt recep¬ 
tacle; of the form seen in the plate, viz, nearly concentric 
iifitb thb hole$ ^^nd n; having an oblique prolongation 
tot^ih the middle of the piece of ^.vood, and fro®ft the 
end^of these two prolongations proceed two grooves tfg 
«tt4 formed in the thickness of the wood, and nearly a 
Iha&wdiameur. 

being put into one of these receptaef^ till 
itia-wdur^.full, they are both closed up hy means of 
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light pieces of ptateboanl^ appfi^ ofl the ndoft Sn ^ 
suEitf I^J^ng through one of the ho)e» c». are affixecj tvo 
tupportera, cut into thd ^rm of with feet loinewhM 
lengthened, to gire them inore staj^ility* And tq the odjer 
Bxiif, passing througl||^j am affixed two supporters, shaped 
like arms, ^ith their ^nda ptacud in such a manhlir as to 
become a bo^e, when the machine is turned backwards* Ih 
ahfi last pla&t to the part gh is applied a sort of head and 
visage, made of the pith of tlic elder tree, and dressed afttf 
the manner of tumblers. A belly is constructed of the same 
fubstanccj and the whole figure is clothed in a silk dress^ 
which descends to the tniddle of the thighs. Having tbua 
giren a general account of the construction of this small 
machine^ we shall now proceed to explain its rnodeof action* 

Let m Br&t suppose the machine to be placed upright 
on its legs, as seen fig. 48, or 49 No, 1. As all the w^bt 
is on one side of the axis of rotation c, becauisc the recep¬ 
tacle of the quicksilver on that bide is hllcd, the machine 
must incline to that side, and would be thrown entirely 
backwards, did not the arms or supporters, turning around 
the axis u, proECnt themselves in a vcrrical direction ; but 
at they are shorter than the legs, tlie machine assuTPes the 
positioQ represented fig. 49 No* and the quicksilver, 
finding tbe smalt groove Gg^ inclined to the horizoit, 
With Anpetuosity into the receptacle placed on the 
side D, 

Let us now suppose that at this moment the machine 
rests on the supports or arms dl, which turn round ibe 
axis p; it is evident that, if the empty part of the machine 
is very light, the quicksilver being eni^ely beyond the 
point of ruction p, will, by its considerable prepond^A^e 
. overcome W, and cause the machine to revolve roui@<>4he 
^ axis pj which will raise it, and make it tum on thci^ther 
Bidfo^ut as the supporters ck must necessarily belonipc 
^ fb^^poe others pl, that the line cp may have 

which is necessary to cause the quickiUvCr to ^QW^ly 





*5 

the MwkM oik& ft^Bpk£^WtMh^flthi^i 

b&9&‘mu^ make a jump dOuble^in height t4^e dl&iu 
ent» tfacHfe supporters'; otheiVise the linpe p^, ins^ad 
«if lassutDing « horizoota) portion, would reiuaiti intiljwiad 
direction contrary to that whiUlt ought to ^ 

. Tb#machi tic having then attaint to the sitnatioti.tk'if 
49 3^ and the quicksilver having passed into^the 

leceptacle on the side c; it is ei'ident that life same me^ 
ehanism which will raise it up, by making it turn round 
the point c, wit) orertnrn it on the other side, where the 
tiro supporters, which revolve round the axis c, present it 
a base ; this will make it resume the position of fig, 40 
Sk\2i and so on. Hence this motion will be perpetuaJj 
as long os the machine meets with steps like the first*' 
Rsmauks,—S ome particular condittouH are required in 
oiidcr that the supjjorters of the small figure, that j$, its 
tegs and arms, may present themselves in a proper matinar^ 
to keep it in the position in which it ought to bc^, 

Ist.rJt is necessary that the great supporters, or legs, 
when they have arrived at that point at which the figure, 
'after having thrown itself topsy turv}', rests upon them, 
^lould meet with some obstacle, to prevent them or the 
figure'ferom turning any more: this may be done by two 
Itnali peg^, which meet a prolongation of the thighs* 

2d. While the figure is raising itself on Its legs, U.ia 
necessary that the arms slimild )K;rfoi‘m, on their axis, a 
semi-revolution; that they may present themselves 'per- 
fieadicalar to the horizon, and in a firm manner, when 
thrfigure throws itself backwanf. This may be accom* 
plixhed by furn^hing the arms of the figure with two amon 
concentric to the axis of the Tiotion of these^nns, 

• Aviir which are conveyed two silk threads, tlwt unite under 
tbtf'h^Hy ef the figtire, and arc fixed to a smaJ] cross bar, 

' the thighs towards the cniddle: thU wtU^p^ly 

to their etability, Thesfe threads be 

' or shortened^ tilt this aenu^voltitoii the 
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arpas.ii& exa£:tly' perfbfincd| ahcf .uht}] the 
{tbuoed oHijltsfour supporters^ vrkli its face turned 
Up ot, dct\rnf does not wa^er; which it would do If thes# 
4uppo]!;tors were not bound togetlier in this manner ;"ati8^ 
if the large oiieSf or did not meet with an 
event tbem frotninclinmg any farther. 





rKOBLKM XLVII, 




To arrange three ^iich, on a horizontal plane^ in 
mamrVy that while the lower e^trvmifies of each reel oil 
that plane^ the other three shall mutually support eath 
other in the air. ' ^ 


ThU depends merely on a little mechanical addressj and 
may be perfonned in the following manner. 

Take tlie first stick An (fig* ^50 pi, 11)^ anti rest the end 
A on the tabloj holding the other raised up, so that t^e 
stick shall he inclined at a very acute angle. Place above' 
it the second stick, with tlie end c resting on tliu ^tahlei 
And then dispose the third stick ep, in such a ' 

that while the end e rests on the table, it shall pass below 
the stick ab, towards the upper end n, and rest on the 
stick CD, Tliesc three sticks, by this arrangementj will 
be so connected wltii esich oilier, that the ends v, b and^P 
will necessarily remain suspended, each supporting the 
other. 

PttOBl*UM XLVill, , 

To construct a cask^ into i^ htch ij' three different 5^ 
liquor be pouredi they be drawn off at pleasure by^ihe . 
same c&ck^ without bting inixed. 

For this purpose, the cask must be divided into tfalcs 
pArtitions, or cellos, a, b, c, (fig, 51 pi. U), inteudoif^tor 
cbntam the three diHcrent Injuors; red wiUe, whi^ ^ 

water; which, may be introduced eachdiiti:t^llA' 
prof^oelli by the same bung, in the foliowinfg^mainim^''^' 
In co^tructing the cask, a funnel j}, with three " 



TO Wr 

Bf convcyed^to its ^11»lau^ be fitted ipt6 

t^buu^; a.nd witiiin this funnel n^iust! be plao^ ^notbc^ 
Hf pierced with three holes^ whfeb may be made to com- 
spend^ at pleasurej with the aperturt^ of eaeli pipe/ H 
ecM!blV|le| in the interior fanne] made to correspbbdi 
in su^Ossion, by turping it, with the aperture of tb^tpo 
to which it belongs, the liquor poured into t^e funPel Ht 
will pass into that pipe. In this manner each cell may be 
filled with the liquor intended for it, with out one of them 
being able to mijf wltli the rest; because when one pipe is 
open, the other two are shut- 

But, to draw off each liquor also, without confusiorit at 
the bottom of the cask, there must he three other pipes 
K, t) Mf each corresponding to a ccll^ and a kind of cook 
IK, pierced with three holes, each curresponding to its 
pjpe, that by turning the stopper of the cock i, until one 
of these holes is brought oppo.^ite to its pipe, the liquor 
of the cell, to whicli that pipe belongs, may i;»sue alone 
throu^ it* 


PROBLEM KL1K. 

Ib nta^e a ^Qft mch as the of a candk^ pierce a 

hoards 

T 

^Load a musket with powder, and instead of a ball put 
oi^pr it the end of a candle j if you then hre it agmnst a 
board, not very thick, the latter will be pierced by the 
candle-end, as if by a balk 

The cause of this phenomenQii, no doubt, Is that the 
rapid'motion with which the canr]legend l-> impelled, does 
notallow it time to be flattened, and therefore it acts as a 
hard body- It is the effect of the inertia of the parts of 
n^t^r^ as may be easily proved by experiment. Nothing 
is to be divided than water j yet rf the palm of the 
ba^drl^ struck with some velocity against the su^^lMa'of 
coasiderabte degree of resi&Uuce, and even of 
pa^i} ia eu^peiienced from it^ as if a hard body had been 
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BtmckJ ^ Nay, a ttintk^t ball^ fired 1$ 

ttpdled W itj and even-flattened/ If * the muAVt ifr€¥««l 
a cSi&ln obliqaity, (he baU tpill be reflected ;^atld 
after this refleettofi h capable of killing any p«Tsoii"'i^ 
ttiny be in its way. Tbia arises frotn a eertam time bidiig 
necessary to coDimuntcate to anybody a aeniibfe l&atkm% 
When a bo^ then maving with great ralooity^ meets with 
aifeother of a size much more eonsidenkble, it evpcrieacCa 
almost as much resistance aa if the latter were fixed. ^ ' 

'i 


PROBLEM U 


fi 


7b hreai a placed tm Wo drinking glasse^j ^ s^rikmg 
it wiih another sitek^ and without breakii^ the glassts *. ; 


We give this problem^ and the solution of it, merely 
because it is found in all the editions of the Mathematical 
Recreations \ but, to speak the truth, those who atreiB|rt 
to perform it, ought to supply themselves with plenty*of 
glasses. However, the solution of it, whether real or false, 
is as follows* ' > 

The stick, intended to be broken, must Tiehher be thick, 
nor rest with any great hold on the two glasses, Roth its 
extremities must be made to taper to a point; and it 
ought to be of as uniform a mzu as possible, in order that 
its centre of gravity, which in this case will be in the 
middle, may be more easily kuoWn* 

^ The stick, supposed to pos:sea5 all the above properties, 
must be placed with its two extremities resting on tlte 
edges of the glasses, which ought to be perfectly Jevcl, 
tliat the stick may remain horizontal, and not itictiri^-to 
one »de more (hau another. Care also must be taken that 
the points only shall rest li^^htly on the edge of each gfass^ 
If a speedy and smart blow, but proportioned, as as 
be judged, to the size of the stick and the dutahi^'ef 
thfrl^^Ms, be then given to it in the middle, litteli 
in two, without either of the glasses being Injured/ 
KEMAEK.*^We are fiir warrantiDg the^certeUily 
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qf^ iU 4 foT* jif oi^^opiaitmr^hgfio whq tty 
pei^went^.wlll break meuy glares l^efore^ tksy^re«k;t]^ 
etick. Tb^ ts however a physical xeasQtt}.wh%h rendei^ 
t3^^siiace&» po^ible; and tbU reason ia the uame joa tll|f|fc 
vhbijL a musket^ball to pier^f a weather-cook, nr a 
do4>rYlbo^^bJo on its liiuges. The stick indeed^ 
a^uck in the middle with a smart aod sudde^ blow^ ca^ 
not, on account of {ts masa, iuimedlately acquire tk^ 
motion necessary to 3neld to the impetuosity of the blow: 
it is strongly rt;tamed, as it were, by its extremities; and 
in that case will assuredly be broken. We must however 
repeat, that we would not advise any one to try the 43C>^ 
peliment, unleas furnished with plenty of glasses. 

. It might be tried however, in a manner less expensive, 
making the extreinitie^s of the tuck, dt^Hned to ,be 
broken, to rest on two small bits of wood, tixed perpen¬ 
dicularly on a stool or board. A person, after being 
exercised in this matmer, imglit perform tlie I'xpcnment 
with a)l, tjteit appearance ot tht^ marvollous, winch it ac> 
quires when the stick is made to rest on two glasses, 

p- 

PBOBLEM LI. 

On the principles hy ^skkk the possible effect of a machine 

can he dctenmne^l. 

' i 

It is customary for quacks, and tliose who have Hot a 
auffieient knowledge ot mccnanicK, to ascribe to aiachines 
prodigious eSects, far superior to such are consistent 
with the principles) of sound philosophy. It may therefore 
of utility to explain here those principles by which we 
Qiaght to be guided, in order to form a rational opinion, 
respecting any proposed machine. 

WhtUever may be the construction o(' a machine, even 
auppp^g it to be mathematically perfect, that 

tUld without friction, it 9 effect, that is to ity, the 
weight put in motion, multiplied by tiie perpendicular 
buigbt to wliijcb it may be raised, in a determinate time, 
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cannot exceed tlie product of the moving power,-mulji*- 
{died by the i^pace it passes over in the same time. Cob? 
sequent Jyf si nee every machine ia material, and as it is 
possible to get entirely nd of friction, which will 
sarily destroy a part of die power, it is evident that ^6 
first product will alway^^ be less than the latter. Let us 
apply tins to aij example. 

Should a perjson propose a machine, which by the 
strength of one man ap}d[c(l to a crank, or the lever of a 
capstan, tthall raijio in an hour 3.G00 gallons of water, to 
the height of ^4 feet ; we might tdl him, that he was ignov 
rant of tJie principles of mechanics. 

For the strength of a man applial lo a crank, or to draw 
or push any iveight, is only equal to about or 28 pounds, 
with a velocity at of HOOD Cect per hour; ami he 

could labour no more than 7 or 8 hours in successioiu 
Now^ as the product of 11000 by 2S rs 308000, if tins pro^ 
duct be divided by 21, tin: heiglu to wlucii the water is to 
he raised, the quotient w'ill he 1283:3 pounds ofc^ter, or 
205cubic feet = 1540 galJnjys raist^d to that height^ wbich^ 
mokes about 60 gallons, per minute, to the height of JO 
feet. This is all that could be prodncctl by such u power 
in the most favourable ca>.c. I3ut the more complex the 
machme, the greater is the resistance to he surmounted ; 
so that the product would never be nearly equid to the 
above effect* 

In a macbitie, where a man slioiild act by bis own w^cight, 
aad in walking, the advantage would not ho much greater: 
for all that a man could do by walking, ivitltout any other 
weight tlian that of his body, on a pLno inclined at an 
angle of .30 degrees, would be to pass over 6000 feet per 
hour, esp^ually if be had to walk in this manner for *7 or 
8 But here it is the perpendicukr htjight aljne, _ 

this case is 3CIO0 lect, that is to be 
thej^oduct of 3000 by 150 pounds^ which is. the 
weight gf a man, is 450000; the greatest effet^t tbertfoi^^ 
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6f such a machine^ ivould be 450QQ0 pounds^ raised to iJic 
height of one foot, or 13750 to the height of feet, or 
about 90 gallons, per laionte, to the height of 10 feet* By 
taking an arithmetical mean between this deterniination 
and the preceding, it will be found that the mean product 
possible of the strength of a man, empfoyed to put ia 
motion a hydraulic machine, is at mo^it 75 gallotis per 
minute; especially if cojitlnued for 7 or S hours in the 
day* 

If the power were to act only for a very isbort time, as 
3, 4 , or 5 minute?, the product indeed miglit appear more 
considerable, and about double. This is one uf the arti¬ 
fices employed hy mct-hatiicians, to prove tlie superiority 
of their machiuc'i. They jjiit lIicui In motion for some 
mfnutesi, by vigorous people, wiio make a inoineutary 
effort, and thus caus4.' the product to appear much greater 
than It really is* 

The above determination agrees pretty well witli that 
given by Dciagiijirrs in his Treatise on Natural Phi¬ 
losophy: for he a^isured lum'sclf, lie *iays, by cakuJation, 
ihat the eHi'CL of tlio :)irIlf)le^t and itini^i |)ei'fect machines, 
put in motinn by men, never j;ives, in ihe ratio of each 
man, above 73 gallons of wafer per miimie raised to the 
height of 10 feet* 

A rncumstance, very necessary to be known in regard 
to machme o- which aj e to be moved by horsvjs, js as follows; 
a horse is equal to about hcveu men*, or can make un efTort 
hi a honzonUl direriioii of ®10 pounds, moving ^uth the 
relocity of 10000 or 11000 feet per hour, supposing he h 

• C. lUgnicr, iti h» ficBcuption of tlio n^uuuomflfr, an insnuznemt in- 
vpQCct] by likn lot the dF d«beJitiiiiio^' llie atren^th of men 

TiDil Imrati, iiLtlk^ifsJ in tlio Journal dr Pulj^tL'iliinquc, rtsK 3pp» IfiO, 

imytj tbnt frijifi result uf all bi* expeiEinrott it tpppat*, thdt th« 
term v4 thn iiMhr^ixmui thp Mrcngth uf ordinary men, to miic a Ja 

nVofot which willi the cxperinicDts of Bela- 

hire, wlacltDesogujicti cuusidercd it tuo ainall. In nguTd ta horMt^ 
Heiayij thAt by taklnit the oieaa rcauUs given hy 4 hotiAes, of 

VOL* a* ^ 0 ji- 
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to work 8 or iO hours per day* DeisaguUera eircn gives 
l64s> and thinks thiit the force of a man is to be only quio'^ 
tupled to find that of die horse» 

^Tbojie who are Ittbquainted with these principles^ will 
ran no risk of being deceived by ignorant or pretended 
ijicctianicians; and it is no small advantage to be able^to 
avoid becoming the dupe of such men, tvhoaa aim is often 
to pick die pockets of tho^^e wlio are so simple as to listen 
to them. 


FBOQLEM LII* 


Of ihe PerpetiUii Jhotim. 


The perpetual motion ha? been the quicksand of me¬ 
chanicians, as the qiiiidrature of the circle, the ti isecdon of 
an ariglcj £tc, have boon that of gcomcLviciajis: and as 
tliosc who pretend to liave discovered the solution of the 
latter problems are, io general, persons scarcely acquaint¬ 
ed With tlie principles of geometry, those who search for, 
or imagine they have foiindj the perpetual mp^in, are 
always men to wham tlie most certain and invariable truths 
in mechanics arc unknown. 


subjected to tri^l one tbe Dth<^T, tbc strength oF ordhtiary botiC*^ 
bee^tiiiiat^c! m 7(H< pouhci*; nvf^tdupoia. 

Id comparing the tdaiiic Force oF men U'lth ihot oF lior«0&, whftii the 
former drav a carl nr a boat by ih*= help of n iniw, after varinna hu 

fnnnflthat tbe Tna>iiitium of the strungth of onfin^ry mr-n, in drugging sl 
hoTJ/onial weight, by the hdp of a rnpe^ equal to UD pounds averdupni^, 
^tid Chai of the ntrongdst not exceed 132 puuiiilB avciUvptiis. TJie^e 
diCfercitt triaU agree pictty sreU nvilh tbe pciierat received opinipn> that a 
is 7 tiitiea As a man Tlii±i prirtc*^ijjl4| bowercr, cannot bf ad^ 

imtted iti all foi it ktiDwn by ^^rpt^ricnent that a horse wnaMvinb 

under a bmxlc'n, 7 tinm hic henry aa that which a man cpb support when 
■tandiTtg uprin^hU U nia-y readily b tonceivpfl that what has been bere said 
mi'll and liurfliu, is not Applicable to dai^y and iacefMPt labourj 
we EDfy deduce frum Jt thre very conBe^lueiice, ihat both cap 
p ffbbte day, wlivn emplnying « £th of their aboolnle fnroaB^/^^Cconllng to 
the 'pbhre naolts tbereforc, tbc power which an ordinary man can exert Jbr 
m pnfat3ouaiioe id dra^gging or pulling, ia i-'qual to no inoR than aboift ^ 
ponbdi, end itaat af th.* attoacf^r to about 26 i 
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It may be demonstrated indeed, to all those capable o[ 
rtsasooing in a sound manner on those sciences, that a 
perpetual motion is impossible: for, to be possible,^it la 
neceissary that the effect should bedftne aklernately the 
cause^ and tfie cause the effect* It ^ould be necessary, 
fop’iexample, that a weight, raised to a certain height by 
another weight, should in its turn raise the second weight 
to the height from which it descended. Hut, according to 
the Jaws of motion, all tliat a descend mg weight could do, 
in the most [icrfcct machine which the mind can conceive, 
is to raise another in the same time to a bcigJd reciprocally 
proportional to its mass. But it is impossibJe to construct 
a machine in which there sljall be iioithcr friction nor the 

it 

resistance of some medium to be overcome; con sc fluently, 
at each alternauon of accent and descent, some ijuantity of 
motion, however will alvraj's be lo'st; each time 

therefore, the weight to be raised wnll a^ccnlJ to a less 
height; and the motion will gradually slacken, and at length 
cease Vrat! rely* 

A moving ptinciplc has been sougFit for, but without 
success, in the magnet, in the gravity of the atmosphere, 
and in the elasticity of bodies. If a magnet be disposed 
ill such a manner as to facilitate the ascension of a weight, 
it will afterwards oppose its descent: i^prjngs, after being 
unbent, rccjuiic to be bent by a eicw imee equal to that 
which tli^y exercised ; and the gravity ot ihc atmosphere, 
after forcing one side of tlie machine tu the lowest point, 
must be itself raised again, like any other weight, in order 
to continue its fiction. 

Wc shall however give an account of various attempts 
to obtain a perpetual motion, becauiiie t^'ey may serve to 
show how much some persons have sulfercd themselves to 
be deceived on this subject*^ 

Fig. 52 pf. 12, represents a large-wheel, the circutnfer* 

ence of which is tuvnishcd, at equal distances, with Jevers, 

Xm Si 
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wh bearing- at its extremitv a weight, and moreable on a 
iving^, so that in one direction they can rest upon the cif- 
cum fere nee, while on- the opposite Bide, being carri^ 
Away by th#iveig(0at the extremity, they are obliged to 
arrange themselves in the direction of the radius etfu* 
ttnued. This being supposed, it is evident that whei^ibc 
ivheei turns in the direction a i c, the weights a, B and c 
ivill recede from the centre; consequently, as they del 
with more force, they will carry the wheel towards that 
side; and as a new lever will be thrown out, in proportion 
as the wheel revolves, it thence follows, say they, that the 
wheel will continue to move in the same direction* But* 
notwithstanding the specious appearance of tins reasoning, 
ejeperience has proved that the machine will not goj and 


it may indeed bo demonstrated that tliere is a certain 
position, in which the centre of gravity of all these weights 
is in the vertical plane passing through the point of aua^ 
pension, and that therefore it must stop, 

^ The case is the same witli the following mach^c^which 
it would appear ought to move also incessantly* In a 
cylindric drum, in peifect equilibrium oti ib; axis, are 
fanned channels as seen ifi fig* 53; which contain balls of 
lead, or a cerUtin quantity of quicksilver* In consequence 
of this disposition, the balls or quicksilver must, on the 
one side, aacend by approaching the centre; and on the 


other must roll towards the circumference* The machine 
then ought to turn incessantly towards that side. 

A third machine of this kind represented fig* 54. It 
consists of a kind of wheel formed of six or eight arrrta, 
proceeding from a centre, whore the axis of motion is 
placed. Each of these arms is furtii^licd with a receptacle 
in the form of a pair of bellows; but those on the opposite 
BVinE stand in contrary dirccfllons, as seen Sgure. 

Tbe moveable top of*each receptacle has af£[:^ed to"it a 
weight, v^hieh shuts it in one situation jind opens it in the 
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other. In the place^ the bellows of the opposite arms 
have a communication \>y means of a canalj and one ^ 
them is filled with quicltsilver, 

, These things heiag supposed^ it is^ible,^hat theoel^ 
lows on the one side must open^ ariuthose^n the other 
mmt shot; consequently the mercury will pass from the 
Ja^tter into tfie furtuer, while the contrary will be the case 
Oti tlie opposite side. 

It might be difficult to point out the deficiency of this 
reasoning; but tlio^e acquainted ivith the true principles 
of n^chanics will not hesitate to bet a hiui ired to one that 
the machine, when con^structed, witl not aii^iwer the in^ 
tended purpose. 

The description of a pretended perpetual motion^ in 
which bellows, to he alternately hi leu with and emptied of 
quicksilver, were employedj may bc^scen in the Journal 
des S$avans for i6>Ja- It was refuted by Bernoulli, and 
some others, and it gave rise to a lor^g dispute, best 

jnethoi^^hicli the inventor could tiuve employed to defend 
his itiventlon, would have been to construct it, and show 
it in motion; but this was never done. 

We shall here add Einother curioo^ anecdote oil this sub* 
ject* One Orfyreus announced, at Leipsic, in the yeax 
1717^ a perpetual motion, consisting of a wheel, which 
would qontmualiy revolve, Thii^ machine ^vasconstructed 
for the landgrave of nesse<-Casselj wh'i caused it to be shut 
up in a place of safety, and the door lo be sealed with hb 
own seal. At the end of 40 cla^s, the door was opened^ 
and the machine was found in motion. This however 
fords no proof in favour of a perpetual motion; for as 
clocks can be made to go a year ivitihout being wound up^ 
Orfyr^^as’a wheel miglit easily go 40 days, and even more. 

The result of this pretejgded discovery is not known; 
we are informed, by one of the journals, that an English* 
man o^ered SOOOO crowns for this machine; but Orfyreus 
refused it at that price; in this he cerM^7 ^ctod 



ss 


HZltiHT5 BV pendulums- 


wrongs as there is reason to think that he ohtamed by his 
invention, neither money, tior even the honour of having 
discovered the perpetuaf motion- 

The Acadj^y o^[^aintlrig, at Pari^, possessed a clo^k, 
'which bad no'need of being wound up, and which might 
be considered a.'ta perpetual motion, though it was not so* 
But this requires sonne eicpianation. The ingenious author 
of this clock employed the variations in the state of the 
atmosphere, for winding up his moving weight; various 
artificth might be devised for tins purpo^^e j but this is oo 
more a perpetual motion, than if the flux and reflux of the 
sea were employed to keep the machine continuaily going; 
for this principle of motion is extciior to the machine, and 
forms no pai t of it* 

But enough has been said dn this chimera of Riccbanics. 
We sincerely hope that none of oiir leiidcrs will ever lose 
themselves in the ridiculous and unfariuiiute labyrinth of 
such a reseai'cln 

To conclude, it is false that any reward has 
mi&ed by the European powers to the person wh* shall 
discover the perpetual motion; and the case is the same 
in regard to the quadrature of the circle* It is this Idea, 
no doubt, that excites so many to attempt the solution of 
these probkuLs; and it is proper they should be uii. 
deceived, 

PROBLEM LllJ- 

To deiei'^mirte the height of the arched ceiling of a churchy 
Ay the vibraimis oj the ia7iips suspendedJt'Q'tn il- 

For this invention we me indcbLed, it is said, to Gallileo, 
who fli'f^t ascortuined the ratio of the duration of the o3> 
ciJiatiotis made by peiiduiums^f different lengths** But 

* fodeed, it i\ was liy that iiulliur accidentally obiWing tfafCi iiai- 

Comity m th^:; intirvals qI the ^wm;- r>f tSe laiupr* tbftt 

t6lik the hint (4f ^inployiiig the ofcjliuiuny of pendulous boflUt, ctf pm- 
dDluiuBj fgr {purpose of xhcasutiui; time* And tbt of 

pciulvkmi ctfKlu* 
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in order that this method may have a certain degree of ex^ 
aotnesSf the wdgbt of the lamp ought to be several timea 
greater than that of the cord by which it is supporti^d, '^ ^ 
This being supposed^ put the lamp in motion by re^ 
tnoving it a very little from its perPndlcukr direction, 
of carefully observe that comoiunicated to it by the air, 
vhch is ver}'' common; and witli a stop-watch find how 
many seconds one vibratioii continues, or, if a stop-watch 
is not at hand, count the number of vibrations performed 
in a certain number of minutes; the greater the number 
of minutes, the more exact will the duration of each 
vibration be determuied ; for nothing will then be neees- 
sajy, but to divide thovc minutes by the number of vibra* 
tions, and the quotient will be the duration of each in 
minutes or seconds. ^ 

We shall here suppose that it lius been found, by either 
of these methodsj that the time of each vibration is 5^ se¬ 
conds; square 54, which is 304, and [niiltiply by it 
inchc$|the length of a pciidtilum that swings seconds in 
of London, the product wifi be 9S ft. 7 inc, 
6 which will be nearly the la-igiit from the point of 
suspension to the bottom or rather centre of the Jump. 

' If the distance from the bottom of the lamp to the pave- 
ineut be then measured, which may be done by means of 
a stick, and added to the former result, the sum will give 
the height of the arch above the pavement. 

This soluiLoti is founded on a property of pendulums, 
demonstrated in mechanics ; which it, that the squares of 
the times of the vibrations arc as the lengths; so that a 
pendulum 4 times the length of another, performs vibra¬ 
tions which last twice as long* 

' But on account of the irregular iorm of the lamp^ and 
the weight of the rope, which sustains it, we must confess 
that this method is ratbo^ curious tluii exact* Wo shall 
howcvei: present the reader with'another prohlom of the 
fame kind. 
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PAOELEM LIT. ^ 

^€asure the depth ef a weU^ by the time elapsed beitifeen 
^ihe con/m^ace^nent of the fatt of a heaty hody^ und thit 

Hidhen the smnd w conveyed to the ear. 

Have in readhiefis a snjfiK pendulum that b wings half 
Beconds, that inches in length^ between the centre 

of the bal), and the point of suspension. You must also 
employ a weight of sotne substance as heavj^ as po^sible^ 
such for cxauiplc as lead \ as n conimon stone ur pebble 
experiences a considerable retardation in falling, and tfaer&« 
fore would not answer the purpose so well. 

. Let go the weight utid the ball of tlie pendulum at the 
same moment ol time, and count the number of the vibra« 
lions the latter maketi, till the moment when j^ou hear the 
sound. We shall here suppose that there were 10 vibra¬ 
tions, which make 5 second.^. 

As a heavy body near the earth's surface falls about 
16-r’j ft^et in oue second of time, or for this purpose Tfrfeet 
will be exact enough ^ and as sound moves 
of 1142 feet per second ; multiply together 114^, \6 and 
5, which will give 91360, and to four times thisproductj or 
36i3440, add the square of £142, w^hich is 1304164, and the 
sum will bu )G69604 j then d from the square rout cf the last 
number =; J292 the number 1142 be subtracted, the re¬ 
mainder I jO divided by 3J will give 4*69 for the number 
of 4^ond?i iihich elapsed during the fall o1 the body; if 
this reniuiiidt r be i^ubtracted ivouj 5, the number of se¬ 
conds during which the body .vas falling and the sound 
returmug, ue shall haivO 31 ioi die tune which the sound 
alone eIIIfdtiycd hofote it ioac[*ed tlie car; uud this num¬ 
ber nmttiplied liy \ 142, give ^or product 354 feet ^ 
the dbepth of the lelb 

This rule, winch we must allo^to be rather complex, 
i^^ounded ou ttic property of falling bodies, which ate ac¬ 
celerated in the ratio ot the tunes, so that tlie spaces passed 
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dYcr increase the squares of the But as the 

pesistaiice of the air, which in considerdble heights, such 
as those of several liundred Cieet, does not fail to retard thb 
fidl ID a sensible manner, ha^ been neglected, the case of 
this problem ia nearly the same aa with^e preceding; that 
is to say, the solution is rather curious than useful* 


* For tht tak* of our algobmical readerj we thah liei^ pliDw bow to find tba 
fenuulo from which the above rule 14 d^ducefl: Let cr^^j csII 4 ^ 

■od let J be'the tame which tlho body empluy^ in Fulhn^p coii^irqueiiity j 
will be the tirtiv vf thenoiind rcLurnuij?. ThPO 4 ^ f■ « depth 

of the wellj and 1 i c: : a—l; m— ci depth of thu well al$o; th«)of 6 T« 

bI'<Btca—er, oiid liy IniiispJiiFtton and division, *» +CutnpletiDg 

V El 

c c* rd r' 4^pfl+^* f ^yibta+c* 

- - -- - - - - - -- - H™cf,* + --V'-jjj— 


c c* fd r* 4 ^pfl + r* 

th,+-=-+_ — 

, /4ira+c* f ^ 

and 1= V — — ^—. = 1^ I a 

4i’ 2& 


44fa+e* 

“43s 


the time of 


descent. Cotrf^dmejiitly —i-^ -- \a ijcarly the time of the sovtud'e 

OP + C fi/t+e 

ueent* 

Ilf 

the evpreasion—^^ a much stmpler ral^ ib obtained far 

the dj-iei=ntp which is as fuM^jwa a MuhipLy llWby 5| which 

give? foApr^duf It $110 ^ ihtu luolhply also 16 1^y b which i^iveaSD, to which 
add tbi:* 1SS2, ty which sirm dnrdc, the fir^t prodncthllO} and 

the quiitiCDt 4*bS wdl br the lime of dcMrnt^ nearly Ui4 banie u before, 
Thiii bilfen from 5 Jf'iivrd 0'3U for the of the egeent; which muliliplied 
by I for tiio diplK, but little from tlic fortoer mono 

etnact iiumbi'Tt 
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AUTOMATONS* 

Si^torical account st^me extraordinary tmd celebrated vie^ 
* ^ chanical 

An essential part might seem ^vanting to this work if we 
n^lected to give ^oic account of the various machines, 
most celebrated both among the ancients and moderns. 
We shall therefore take a cursory view of the rarest and 
most singular f iivcntions, produced by mechanical genius^ 
in different ages* 

5 L Of the machines or autontotorts of j^rcAf- 

' modes^ Hero and Ctesibius. 

i 

Some machines of lIils kind are mentioned in ancient 
history, in terms of the utmost admirfition. Such were 
the tripod automatons of Vulcan ^ and the dove of Ar^ 
chytas, which, as we are told, could ffy hkc a realaulmaL 
We have no doubt however, that the wonderful properties 
of these machines, if they ever really existed, hay^e been 
greatly exaggerated by credulity ; and by the a^K^^tsof 
them bein^ banded down through such a of 

ages. We are told also of the niuving sphere o{)^ilrcln- 
medes, in which, as ap]»c,irs, that celehrated philosopher 
had represented all the celesti il motions, as they were 
then known; and this, no doubt, was a master-piece of 
mechanism for that remote period. Every one is ac* 
quainted with the famous verses of Claudjau on thb 
machine. 

Several wondorful machines were constructed also by 
Hero and Ctesibius of Alexandria. An account of some 
of those invented by Hero may he sren in book called 
Splrita)ia. Some of them are very ingenious, and do 
honour to the talents of that mechanician* 

* 

§ It 0/“ the viachines uscribed ta^lbert the Oredt^ and to 

That ignorance, in the darkness of which all Europe 
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inyolyed, from the 6th or 'Jth century to the l^th^did not 
entirely extinguish mechanicargenius. We\re told that 
the embassadors sent by the king of Persia to Charlemagne 
brought, as a present to the latter, a E^chine, which, ap-* 
cording to the description given of it, would hare do^ 
honour to our modern mechanicians; for it appears to 
hare been a striking clock, whicli had figures that per- 
formed'various movements. It is iudeecl true that, while 
Europe was imiuerscd in ignm'ance, Uie arts and sciences 
diffused a gleam of light among the nations of the East, In 
regard to those of lIic Wcbt, if we can belicpc what is re^ 
latcd of Albert the Great, who lived in the Idth century, 
thatniathcmaticiau constructed anuutomaton in the human 
form, which when any one knocked at the door of its cell, 
came to open it, and sent forth sonic sounds, as if address¬ 
ing the [icrson wfio entered - At a period later by some 
centuries, Kegioinontanus, or John Muller of Konigaberg, 
a celebrated astronomer, constructed an automaton in*the 
figujwiEf^ dy, which walked around a table* But these 
aceiSH®'a^c probably very inueli disfigured by ignorance 
and iSf^iihty. 'J’ne folio wing however are instances of 
mechanical skill, in which there 3 s much more of reality* 

^ liL 0/ varioifs cekCrated Clocks. 

In tfie 14th centurv, Xinics Dnudi constructed for the 
city of Paduj a clock, which was hmg considered as the 
w^ondcr of that period* Bci^ides indicating the hours, it 
represented tho motion of the sun, inonn, and planets, as 
well as pointed out the different festivals of the year. On 
this account, Dqndi got tlie ^^urfiame of Horolngio, wliich 
became that of bis pu^enty. A liHle time after, William 
ZeJandin constructed, for the same city, one still mote 
complcK; which was repaired in the IGth century by 
Jane] 1 us Turmnus, thl^ecbanieiaD of Charles the 5tb. 

But the most celebrifted works of*this kind are the clocks 
of the cathedral:} of Straeburgh and Lyons* That of Stras-^ 
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burgh was the wqrk of Cod rad Dasy pod iusj a mathematician 
ofthHfcidtv* wlioli\r(p<J towards theeiidof the I6ihcetitniy, 
and who it about the yuar 157$. It i& considered 

as the tirst in Europe, At auy rate there is none but that 
of Lyons which can disfiutc pre-eminence with it, or be 
compavetl to it in regard to tlie variety of its effects. 

The face of the basement of the clock of Stra^burgh 
e^chibits three diaLplates \ one of which is roundj^ and con-* 
fiUts of several concentric circles; the two interior ones of 
which perforin their revolutions in a year, and serve to 
mark the days of the year, tlie festivab^ and other circum* 
$tapces of the calendar. The two lateral diaUpUtes are 
square, and serve to indicate the eclipses^ both of the sun 
and the moon. 

Above the middle dial-plate, and in the attic space of the 
ba&eaient, the days of the week arc represented by different 
divinities, supposed to preside over the planets from which 
their common appellations are derived. The the 

current day appears in a car rolling over the 
at midnight retires to gtv'c place to the succeedSi!|j^^|fe, 
Before the basement is seen a globe, borue on tswings 
of a pelicatij around which the iUii and moon revolved; 
and which in that manner rejjresented tlie motion of these 
planets; but this part of tfic machine, as well as several 
others* has been deranged for eL long time. 

The ornamented turret* above this basement, exhibits 
chiefly a large dial, in the form of an astrolabe; which 
shows the aunnul motion of th^' sun and moon through the 
ecliptic* the imurs of the day The phases of the moon 
are seen also lumi^cd out on a particular dioi-plate above. 
This work is remurkable also for a considerable assem* 
bjage of bells and figures, which perform different motiotis^ 
Above the diai-pbtc last mention^, for example,,four 
man are represented byf^mholicafjfigttress one"' 
pas^'every quarter ot an hour, stud marks tlie quarter 
by liking on small bells; these figures are followed bj 
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death, trho is ^3^ Je^us Chri^it from the 

grave; who however permits it to soutSithe hour^ in 
order to warn man that time is on the wingi Two sihall 
angels perform movements also; one^striking a bell with 
it iteeptre^ while the other turns an hoitr-glass^ at the e^ 
pffiLtioti of an hour. 

In the last place, this work was decorated with various 
animals, whtek emitted sounds, similar ti> their natural 
voices'; but none of them now remain except the cock, 
which crows imtnediately before the hour strikes, first 
stretching out its neck and clapping its wings. The voice 
of this figure however is become so hoarse as to be much 
less harmonious than the voice of that at Lyons, though 
the latter is attended, in a conbidqrable degree, with the 
same defect* It is to be regrettetl that a great part of this 
machine is entirelv deranged. It would be worthy of the 
illuRtrious metropolitan chapter of Htrasborgh to causie'it 
toh&A|d^red; we have beard indeed tliat it baa been at- 
ten^^S^^ut that no artist could be found capable of per* 

Tii e clock of the cathedral of Lyoiis is of less si^e than 
that of Strabhurgh; but is not infci (or,jo it in the variety 
of its movements; and it Has the advantage also of being 
in a good condition* It is the work of Lippius de Baste, 
and was exceedingly well repaired in the last century by an 
ingenious clock-maker of Lyons, naim d Nourisson* Like 
that of Strasburgh, it exliibks, on different dia1-plate$, the 
annutd and diuriiaJ progress of the sun and moon, tiie days 
of the year, tbeir length, and the whole calendar, civil as 
weir^ ecclesiastical. The dayii of tfic week are indicated 
by ajrinboli more analogous to the place where the clock 
is et^ted ; the hours afc announced b}- the crowing of the 
fl^e^ines repea^, after it Im clapped its winga, 
aiii! made ^'arlous otliei* movements:* When the cock hfta 
dbn^ crowing* angels appear, wlio, by striking various 
fi^Us* perform the air of a hymn'; the annunciation of the 
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Virgin is represfintistl by moving figures^ and bf tb« 
decent of a dove from the cloud^i i and after tbb tno* 
ohanical exhibition^ tbe hour strikes. On one of tbesi^ei 
of the etock is $ecn an o val dial-plate, where tbe honra and 
minutes are indicated by means of an index, which length*- 
ens or contracts itself, according to the length of the 
diameter of tbe dliptils over which it moves* 

A very curious clock, tbe work of Martiqpt, a celebrated 
clock-maker of the l7tii centary, was to be seen in tbe 
royal apartments at Versailles^ Before it struck the hour, 
tMTo cocks on the corners of a small edihcc crowed alter- 
nutely,clapping their wings; soon after two lateraldoots 
of the cdilice opened, at which appeared two figures t^ear^ 
ing cymbals, beaten on by a kind of guards with cwis* 
When tliese figures had retired, the centre door was thrown 
open, and a pedestal, supporting an e(|uestriaii statue of 
Louis 14th, issued from it, while a group of clouds sopa- 
ratiug gave a passage to a figure of Fame, which atid 

hovered over the statue. An air w'as tlieti by 

bells; after which the two figures rc-cntcred';.iil^two 
guards raised up their dubti, which they had lowered gs if 
out of respect for the presence of tbe king, and tbe hour 
Wiis then struck. Though all these things are easy for in¬ 
genious clock-makers of the present day, when we come 
to treat of Astronomy, W'C shall give an account of some 
machines of this kind, purely astronomical, wliich do bo-p 
nouT to the mventive genius of those by whom they ivew 
constructed* 

^ IV* Aui&t^Un mschmes of Father TVKcAeL M. Ctimut^ 

a/id AT. de Fouoansffu^ 

Tc^ards tht* end of tbe 11th century, Feather Truebet, 
of^J^ royal Academy of Sejet^gii, const|^i#fcted for xh^ 
ao^lV^ent of Louis 14Lh, pictures, "which were 

Cwtisidec^ as very remarkable inahter pieces of mechaqlcSi 
One of these pictures, which tliat tnonaicb called hi A little 
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an opera of tive and oban^ed the 
decorations at t ha commencement of each*' Tbo actors 
perfortned their parts in pantomime* TSe rcfsiresentatioii 
could be stopped at pleasure; this e^lect wps produced by 
letting go ft catchy and by means ofanother the scene coafd 
bg^ade to re^commence at the place where it had been- 
interrupted* This moving picture was IS inches and a 
half in breadth13 inches 4 lines in Eieigbt, and 1 inch 3 
lines in thickness^ for tlie play of the machinery* An ac-» 
count of this piece of mechanism may be found in the 
eulogy Oil Father Truebet, published in the Memoirs of 
the Academy of Sciencesj for the year 1729* 

Another very ingenious machine^ and in our opimon 
muisQ more didicult to be conceived, is that described by 
Mt Camus, a gentleman of Lorrain, who says he con¬ 
structed It for the amvisenncat of Louis 14th, when a child, 
ft consisted of a small coacli drawn by two horses, in which 
v/as tb|jB^ure of a lady, with a foottnun and page behindp 
give credit to wiiat is stated in the work-of 
M* this coach being pUet^d at the extremity of a 

table of a determinate siee, tlie coaehraan smacked hia 
whip, and the horses immediately set out, moving their 
legs ill the Scime manner as real horses do. When the car¬ 
riage reached the edge of the table, it turned at a rights 
angle, and proceeded along that edge. When it arrived 
opposite to the place wlieratfic king seated, it stopped, 
atid the page getting down opened the door, upon whicEi 
the lady alighted, having in her hand a petition which she 
presented with a curtsey. After waiting some time, she 
again curtsied, and re-entered the carriage j the page then 
resumed htsplac^, the codchiiian whi[ppcd Ins horses, which 
began t7 move, and the footman, running after the carriage, 
jum^ted up bejiind it. ^ 

'It is mneh to be regretted that. M* Camus, ig^stead of 
corifining hiinseif to a general account of the mechanbm, 
wtnch he employed tq produce thci® effects, did not enter 





unto «'lTiorc minute cjescriptiou; for^ if they 3t«(t 
must Iiare reqttlispd h very sirigubt artifice to pr^Uttt 
theiu^ and^Jiie ^me medns might be ^pHed to machiii^ 
of greater utility* ^ '> 

' About 30 or ^ years ago, thrfie very euriouft 
w«r^ exhibited] by M. de Vaucan-^on, viz, Xfif.aiitoo;fo.tQn 
flutc^player, a pUyer on the flageolet and tadibboriifd^^hd 
an artifidai duck. The fir^^t played sev^r^l air» oU'the 
flute, with ft prccL^sioti greater perhaps than ma ever lEtt- 
tamed to by the best living player, and even executed thb 
tonguing, which serves lo dii^tmguish the noMl^ Accord* 
log to Af: de Vancanson, this part of the machinery coat 
him the greatest trouble. In short, the tones were 
produced in the flute by the proper motioTi of the fine’s* 
The player on the flageolet and tainhoarine performed 
also some airs on the first of these instrumei^ts, and at the 
aanae time kept contiiiuaily beating on the latter* " " 

But the motion of the artificiul duck, in our ^{niotl, 
was.titdl more astonishing: for it extended its neoffir^sed 
up its wings, and dressed its feathers with its bill; ff^hed 
up barley from a trough, and swallowed it; drank frOift 
another, and, after various other uiovemcnts, voided some 
CQatter resembling excrements» The first lime I saw these 
machinea t immediately discovered some of the artiflees 
employed in regard to the two former, but 1 confess that 
the latter baffled my penetration, * - 

We have also of late been amused, by M* Dross afid M/ 
Mailiardet, &c, with the surprising peiformanci&& of th*' 
chess-player^ the small but sweet 3ingiug-bird,^he tvntin^ 
figure, the Musical lady, the conjurer, the ' tumbler, 
&t', 8to. \ 

L - * ■ 

f 

^ %V, Of the Machm^nt JMar^y^ , 

Xfu^ilLdoubtless be allowed, that the machined^dbdvb 


i^OMIfon^ are, in general, more curious than bdlf' 

tbete are other two, the o^Hfetity aud^utility of wh^^h W' 



quin tliat we should here giv* them a p)$^, TSiSifc m 
ite^aohine of 'Marly» and that kitewn b^^r 'tbe ziam of 
thu alietoi eflgrfl& We shaU begin with the Or^^of the 
OOiistruction and^fl^ta of which the foH^wing bfierd^ 

some idea. ^ ' 

Olii^hiD|Ei of Marly consists of 14 wheels^ each ahout 
caoved by a stream of water^ cc^Etfed . 
by euestacl^e^ and received into many separate 
tltdik Eecb'wheel has at the extremities of its axis, twa 
omfiks^rand dnaforms SSpowerSi distributed Lathe follow** 
ing maun^i^ ^ 

It must however be first observed, that the water is 
to the place to which it Is to be conveyed, by three 
di^ent stages; first from the river to a reservoir* at the 
elevation of 160 English feet above the level of the Seinc^ 
theiLlo a second reservoir 346 feet higher ; and from the 
latter tp the summit of a tower, somewhat more than 535 
feet aboye the river. 

. cranks^ above mentioned, S are employed to 

glvo^^h^ion to 64 pumps; which is done by means of 
working beams, haviog 4 pistons at each extremity of their 
arma: this makes 8 to each working beam, which are dra;wri 
up and pushed down alternately- These 64 pumps force 
up the water to the fir^t reservoir; and this reservoir fur* 
niahea water to the first well, on which is csublish^ the 
second net pf pumps^ 

.Eleven more cranks are employed to force the water 
firtgn the ^rst weU to the second reservoir. This is done 
Bteana of Jong arms adapted to these cranks, which 
tbOVfj large frames, to one of the arms of tj^ich are kt* 
tatrhod strong iron chains, that extend from the bottom of 
tfae.iUodiitata to the fir^t well. These chains, called ^e- 
tatetd* ara formed of pa^lhl bars of iron* the cxtreiuittes 
of'^rhj^ are bouod together by irgn holts, an^^re^sup* 
certain intervals hy transversal pi^cesW wood* 
on ati that through the middle of 
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lese puiDp» 



oech the upper bit of iroui for^ipx^pjie^^u 

drawn down bjt^tfie lower end^ a|l these pieces 
ineJioe' in directioDj and the lower part luov'ea 
.wards and pushes in a direction contrary^o the uppe^o^^ 
These bars or clhins serve to put<^n mqtion WfHfldw 
beamS|^pr ^uares, and the latter move thoti^toos jQ|f ^0 
sucking and forcing pumps, which raise t^hd ^atcrifrotw 
the first well to the second reservoir. 

tip * 

lu the last place, 9 other cranks, by a sjtnilar tteebani^^, 
put in'motion those chains, called the graoijs cbey^etaf 
which move the pumps of the second well, ^d ra^ 
water from it to the summit of the tow^r. Tm 
are in tinmber 

Such, in a few words, is the mecbaiiism of the macBpie 
of Marly* Its mean product, as said, is from 30000 to 
iOOOO gallons of water, per boar* Wc make use of tl|^ 
term mean product, because at certain times it raisea 6DQp0 
gallons, but only under very favourable circumstanced. 
Dpnng inundations, when the Seme is frozen, the 
water is very low, or when any repairs are makj^, ^ 
machinery stops either entirely, or in part. We have re^ 
that in the year 1685 it raised 7^1000 gallons per hour; 
but this we can scarcely bob eve j if by that quantity is 
understood its mean product; as it would be above 1000 
gallons per minute. 

Ho^'ever this may be, the following calculation U found* 
ed on details collected on purpose. The annual expence 
of the machine, including the salaries of those who super^i 
intend it, and the wages oJ^ the ^vorkmen employed, to* 
gether tvith|bpairs, necessary articles, &c, may amount to 
about 3300/ sterling, or 9/- per diky ; which makes abqiit 
1 farthjygg per 90 gallons. But if we take into this occouul/ 
the Rarest of the $33000/. whicb^lt iasaid, vtm eipemi^ 
^struction of jt, 90 gallons will cost 
irjbich Jsat rate of a farthing for 15 gallons.. J^lusi.Js 
Irery fur from the price whkJi the Kio^of Denmiirk t^Vghi 
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dn this watery f&r thtft p^M 

ft rHif to Marly, in the ye^r 1769, b^h^astdni^ed, no 
Idfonbt^ at the immensity of the machine', 
its l^ov^ents, ^nd the number oPtbe-llirorkinen it'ert^- 
^ observed that the water pcrli^[H cost as 

aK iVine.' *6y Hhe above calciilatioti the reader may ^ee 
Iio# for hja majesty was mistaken* 

It IS an important question to know, whether'the tna^ 
ohind^ at M^ly could be simplified. On tliis subject‘we 
dial! giyd a few obi^rvations, which from some expeHmenta 
diadb, and a minute examination of the difFercnt parti of 
the mflchinc, appear to be foimdcd on probability* 
.^opleiji general are surprized that the inventor of thte 
miSnirie should cause the water, in some measure, to make 
tw6 rests, before it is conveyed to tlie summit of the tow^er* 
It ba& been humorously said, that he no doubt tliought 
riie Vater .would be too much fatigued to ascend to the 
pei^pdicutar height of more than 533 feet,' all at«on6 
breafS^ It is more probable that he thought his moving 
force^would not bo sufficient to raise the water to that 
height - but this is not agreeable to theory; for it is found 
by calculation, that ilic force of one crank is more than 
sufficient to raise a cylinder of water of that altitude, and 
above 9 inches in diameter* Abie mechanicians however 
aril of opinion, that thougli this be not impossible, to cany 
it into execution would be attended ^vith great inconvenw 
erices, w^hich it would be too tedious to explain. 

But it appears certain at present, that the water might 
be raised in one jet to the second well, Tliisresuiu from 
two experiments, one made in 1739, and the mber in 1775^ 
In the first, M. Camus of tbc l!oyal Academy of 
^ndi^vonted to make the water rise in one jet to the tow^r; 
b^^tt^mpt was not attended with success, but he mads if 
i*ise tidf^be foot of the tower, 'ivlnchris considera^ iLigher 
tb^n '^jsWcond reservoir; liencp it follows^ihat if he bad 
htinself to making th^^ater ri^e in one jet to'tbe 

n » 
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s«con^i^r\roir, h< faltve aucoeed^; It ia uiid 

daring this ex^er]inent,^tbe machine was prodigi^Aty 
GtriiEied; \t was even found nccesaarj to securfstoii^ 
pahs of it' with chaiift ; that it required ^4 hotjrs tq 
it to that height^hich is about 4BO feet, an^ ,that it 
not possible to make it go farther* The p&jeet of tto 
second trial, made in 1775, was to raise the onJ^,to 
the second well. It indeed ascended thither at difibr^ 
times, and in abundance j but the pipes were exceedingly 
strained at the bottom, so that several of them burst; and 
it was necessary to suspend and rccoLumence the ex|3eri«<' 
merit several times* It is however evident that tbb ar 9 >o 
from the age of the tubes and their want of strength^^ 
they had not the proper thicknesti; a fault which 
have been easily remedied* Here then we have one step 
towards the improvement of the machine; and it results 
from this trial, that the chains which proceed from the river 


totjje tirst well, might be suppressed, and even t1^ finfit 
wdi itself. ^ 

'^It still remains to be determined, whether the watet could 
be made to ascend, in one jet, to the summit of tlie tower. 
This would be a very curious escperitnenl; but no dqubt 
diSicuk and eicpensive, because it would be necessary to 
make considerable changes in di^reot parts of the ma^ 
chine; and even in the case of its succeeding, the water 
raised^ might perhaps be in such small quantity, th^t it 
would be better to retain the present mechiuiism, 

is probable that various improvements might be made 
in different parts of the machine. In several positions, the 
moving formact only obiiqikLy, wluch occarions 
loss of^power, and must tend to render the machine 
ei^tiullK The form of tiie pistons, valves, and 

igbt perhaps admit also of some change* „Bu|,4a 
the place for entering into these details, we shill 

P ^^i£ecd% Ste^ Engine, of which vre pirQm|jj^ jlp 

e a short description. ■ 



TEA STSAM ENGINE^ lOt 

' li ' - ' S. 


I 

{ VI. Qf thi Stetm Engine.' 


’.^''nte'Stektn Engine is that perhaps^ the genius 

mdchanism has been manifested ^ the degree; 

Ap'idea could be more happy than jdiat of employing 
Elfert&Vel^^ moving powersi the exp^sive force of tlie 
Ateaid of Wtiier, and the weight of the atmosphere^ Such 
iit fha principle of this ingenious machine, which is 
it employed with so much success in pumping 

'witetTroiii minesj and for a variety of other purposes in 
arts akul manufactures. 


' '*Pbe first part of this machine is a large boiler, to the 
iSover of which is atlapted a hollow cylinder, 2, S, or 4 
in diameter. A communication is formc^d between the 
boiler and the cylinder by an aperture, capable of being 
evened or shut Into this cylinder is hitcd a piston, the 
^fod 'of which ls made fasst to the extremity of one of the 
atms'of a working beam, having at the extremity of its 
Other,the weight to be raised, which is generally the 
pistOla of a sucking puuipj adapted to raise water from a 
great depth. The ivbolc must be combined in such a 
Dtanner, tLiat when the air or steam has free access into 
the cylinder, which comnmnicates with the boiler, the 
weight alone of the apparatus adixed to the oppostite arm 
shall be capable of raising that piston. 

* Let US now suppose the boiler filled with wafc^r ^to a 
, certain height, and that it is brought to a state of complete 
ebullition, by a large bre kindled below the boiler. a 
part of this water will continually rise in steani^ when the 
icommunieation between the boiler and cylinder is 
oponed, this vapour, which is ela^ti^, will introdi^ itself 
idto it^ and raise the piston; as its force is equivalent to 
tbkti of dir> Let us suppose also that the pistorii when It 
to a certain height, by means of some mechanism, 
Wtdeb may be easily conceived, tnoves a cerl^ part of 
tUbJIlEtbine^ wbicli intercept^ the comamr^Kation between 
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the boiler Btid the cylinder; -and in the lifit^placd^ that 
the same caitflo a j^t of cold water b thrown tfiit 

bottom of tt^ ^kon in the cylinder^ sO to ftii 
through thd vapour in the form of rain. At that mofiiein^ 
the steam will be.eondensed into water ; a vacuum vitiflle 

* ' 't 

formed iti the cylinder, and consequently the piston wift 
be then charged with the weight of the atmoaphere abpvo 
It, or a weight equivalent to a column of water of the saliw 
base and feet in height. If the piston, for example^ bO 
S2 inches in diatneter, as is the case in the steams*eDgiqes' 
of MontrelaiSj near Ingrande, this weight will be equal to 
29450 pounds; the piston will consequently be oblrgedW 
descend with a force equal to nearly SOO(X) pounds, and' 
the other arm of the working beam, if rt be of the 
length, will act with an equal force to overcome the re* 
sistance opposed to it. When the piston has made this 
first stroke, the communication between the boiler and the 
cylinder is restored ; the steam of tlie bailing water again 
enters it, and the equilibrium between the air of theJiAtno- 
sphere and the inside of the cylinder being re-estabMiedi 
the weight of the apparatus affixed to the other end of thd^ 
workiDg beam descends, and raises the piston ^ the same 
play as before is renewed ; the piston again falls, and the 
machine continues to produce its effect. 

It may be readily conceived, that wc must here coniine 
uuf^vea to this short sketch ; for a long description and 
a variety of figures would be necessary to give a collect 
idea of the many different parts requisite to product thj^ 
effect j such as that whicii opens and shuts the comUiuni* 
cation becwcf^ the boiler and the cylinder; that whkh 
injects cold water into the cylinder; those which serve to 
evacuate the air and water formed in the inside of t^ cy¬ 
linder ; tE^regulator necessary to prevent the steam, 
it bedftoies too strong, firom bursting the macbme/^A^ 
For j^th^ detaib therefore we must refer the 
those authors who have purpe^y treated of fhiaiuaoho^l 



*ax aTMii tireiwB. 103 

^ * 

mb Ji#Beti4dr in hia jfrcAAeffiure. 11 1 

in his Caurs de Physi^ut Ej^trinadakf 
M,;Ptoiiy> in his Ncuvellc Jr^AitectUre ^j^drauH^j 
wl fttTcral others. ^ ^ 

■ L 

}fi%^inaehine here described is very different from tw 
liientioned by Muscbenbroeh, in his Cduf^ de Ph^stfue 
Sxpirimmt^^ bi 'the latter, the steam acts by its com-^ 
presBIon on a cylinder oF water, which it causes to;v<^endp 
This requires steam highly elastic, and very much heated^ 
but in this ease there is great danger of the machine 
bursting. In the new machine, that above described^ it ifi 
Eufficient if the steam has the elasticity of the airr> this it 
will acquire if the water boilh only briskly; and therefore 
th^danger of the machine bursting is not nearly so great: 
it is not even said that this accident ever happened to any 
of the Urge ^tcam-EtigineSj which have been long csta- 
blUbed^ 

The largest Steam Engine with which 1 am acquainted, ' 
is that of Montretais, near Ingrande, which is employed 
iit.fr^ng the coal mines from water. The cylinder b 
inches in diameter*^* It raises per ijour, to tfic height of 
63^2 feet, by eight different stages, 1143 cubic feet of 
water, or 10800 gallons; and as it is emmated, after de¬ 
ducting the time lost by putting it in motion, during acd^ 
dental repairs, which are neccj-sary from time to time, 
that it works 22 hours in the 24, its daily effect is Jip falser 
to the above height, and evacuate, ^37f^OO galloas of water* 
In the same time it consumes about 266 cubic feet of cQais, 
The other expences attending it must also be constderable. 

In the same place is another machine ^jiich, in soine 
respects, appears to be construct^^-l on a better principle. 
Though the cylinder is only 34 ineliea in duuneter, it 
r^ses, in 22 hours, tu the same height, and at one jet, 
2SQQO cubic feet; or about 165000 gallons, which is above 

> ^ tn 90 /Alt Stmm Eof met la Engltud the crimper ii even n 

iditiH In dinHt^, snd t4 Uwt ofbawi. 
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tira^lbbAls of tbe quantity raised by tbe'f 0 r 0 l 6 V^)ir]idtejt 6 d 
XQOvitig poweti which is in the ratio of the sqtUf^ of fbo 
diameters of dier pisto'nB, is only, about ^ of that ^ <tbo 
oiiaer. » ^ ^ 

.. An attempt was made^ some years ago, to emplay^o 
steam engine to move carriages, and an esperimeiA ott 
thiG subject was tried at the arsenal of Paris. The carriage 
indeed moved, but in our opinion this idea must ba con-^^ 
sidered rather as ingenious, than susceptible of being put 
in practice. It would not be very agreeable to travel la rs 
to hear, behind them, tbe noise of a machine capable, if it 
should burst, of blowing them to atoms; and we much 
doubt-whether this invention would meet with encoarage- 
menti A boat aLo which, it said, could be made .to 
move against the current by inecins of a 8tcafn Engine, 

' was seen for long time in thr middle of tbe Seine, oppo^ 
site to Passy. Nothing less was hoped from this invention, 
tlian to be able to convey a boat, laden with merchandise, 
tn two or three days, from Kouen to Paris; but scarcely 
tbe machine in motion when the wheels, the flotib' 
boards of which were to serve as oars, were broke in 
pieces by tbe effect of tlie too violent and sudden im¬ 
pression they received- SucJi was the result of this at¬ 
tempt, the failure of which had been predicted by the 
greater part of those mechanicians, who had seen tbe 
preparation B*. 

. Bbmaek.-^As Montacla has given but a short and im-x 
perfect account of that truly noble English invention, we 
have subjoined the foliowmg brief history of it. Tbe 
Steam Ejigine was invented by tbe marquis of Worcester, 
in the year And an account of it was printed tft a 

little book, intitlcd, A Century of the Names and Scaptx 

r 

•Ife icftToed met iqgjeaioui Karl StAoHope, hu lately me-- 

cwda b l£aiftruftbG: a 'qiefol aailin^ vessel, imp^L^ by th« 

force ii jUpra* ' 
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ji»ob IniPteDtioas u at pvesaiit I can oaUi.tomincIf 

te, in 1 ^ 63 . ^ ^ ^ 

^’^Ip ibr astb artldc df ntliat worh^ the nuanquis dcfteribaa 
the invention in the folloiviiig words —** An adEpirabb 
most forcible way to drive up water by firotr Not 
by dtawipg or sucking it upwards^ for that must bc^ oa 
^Sjthc Fhilosopher calJeth itj Intra Sphsram ActLntatisi 
which is but at such a distance; but this v.ny hath no 
bounds, if the vessel be strong enough; for 1 liavehtaken 
a piece of a whole cannon, whereat tlie eiid waa burst, 
** and filled it three quarters full of water, stopping and 
securing up the broken end, as aba the touch hqlc, and 
Dlaking a constant bre under it, within 24 bourail burst 
** and Qiade a grt^at crack; so that having a way to make 
** my vessels, so that they are strengthened by the force 
within them, anti the one to fill after the ojtber. I have 
seen tlie water run like a constant fountain stream 40 
feet high; one vosseJ of water rarefied by fire drivetb- 
up 40 of cold water. And a inan that tends the work 
*' U but to turn two conks, that one vessel of^water being 
consdmed, anotlier begins to foiee and refill with cold 
** water, and bO successively, the fire being tended and 
kept constant, which the self huuiv person may Jikewisa 
abundantly perform in the interim bet ween the necessity 
** of turning the said cocks/' 

But though the above dci>LTtption h a distinct aud tn^ 
talligibic one, of the manner of applying steam for raising 
of water, and thouglLit appears that Sir Siimuel MorUud, 
in the year wrote a treatise on the Steam Enguie, 
yet no person, that 1 have heard of, attemptto trect a 
machine on these pnociples until the year 1699; when 
Captain Savary produced, the 14tb of June in that year^ 
a model which was worked before tfie Royal Society, at 
their weekly meetjpg at Gresham College, He after- 
svards published au account of tbi? machiue in.4he year, 
no^j in a work intitled The Miner’s Friend* 
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, ma^Inaej the' steam is used ftff :iiiaftifl^ it 

T^pQuam in a vessel placed near to tl]|e water to'be 
a^d commuotcating with it by a pipe, which haa a^cbcfe mr'' 
valve adapted to it. Thin valve or cock being .opeMi 
trhcn there is a vacuum in the vesse), the 


presses the water into the vessel; and when thU is filtedi 
the voJve or cock is shut | and steam being let into itf this 
presses on the surface of the and forces it upwftixia. 

through a pipe adapted to the vessel for this purpose* 

The disadvantages attendingmethod of 4:011 struc« 
dofl were so great, that Captivm Savarv never succeeded 
j^rtb^i than in making some engines for the supply 
getit(i^^h^ scats; hut lie did not sucf'eccl for rniiien, Of 
Hie Wppfying of towns wnh water- Tnis dkscourageutont 
stopped the progress and improvement of the Steum 
Engine, till Mr NcwcoTnen, an trouinonger, and John 
Ceudley, a Glazier at Dartmouth, about the year ll\ 2 f 
invented what is called the Lever or Newcomen engine* 
lit this machiiie, the steam is made to act in a cylinder 
distinct from the puaips^auti is nsecbptcrelv for the purpose 
of making and unmaking a vacuhm, in this manner, 
namely, there is a piston in the cylinder, fltU'd so nicely 
to it, that it can slide easily up and down widiout the 
mtssion of any air, or other fluid, to pass between its edge 
find the cylinder. The btcam admitted below ibe piston^ 
whicb^ being of a strengdi equal to the atmosphere, brings 
it into a state of equilibrium, when the weight of tbo 
pump rods and volumes of water, at the other end of ihe 
lever or^balauce, raises it up, when the piston has got to 
the top of Jthe cylinder, a jet of cold water is thrown 
among the steam, which condenses it, and forms a partis- 
vacuum. The atmospliere then acting on the upper . 
of thff piston, forces it down, and rjqscs the cduuiiV of« 
other end of the beam -' \ 


iioprovement oh this principle took place fair^oticirvo 
hptf a i^tury, except in th^ construction of ^ vm^i^ty of 
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piitpose of Opening 

dUhi'iint^Oocka and yalres, nec^sary to admit the stMH 
inlo^kipyliiiderp' the water to condense it^ to carry oiF the' 
tib^idensed ateam, to make the piston"more air tight^ atfd^ 
to improve the various working partft of th^ 

eogthe, ^ 

'Machines of this kind have been constructed in a vadetj 
of places; particuiariy in Great Britain, for the purpoi^ 
of raising water from mines or for supplying towns,^ and 
for raising water to turn wheelOne of the largest of 
thl&kind is that which was constructed by the late ingei^^y 
cus Mn Smeaton, for raising water to turn the 
the Blast Furnaces at Carr on—the cylinder of 
ts ns inches diameter, and 1 believe it is reckon^fhe most^ 
p®rfect engine that has been constructed on Newcotften*® 
prindiplci—But thougfi Mr. Smeaton spent much time in 
the improvements of these engines, and succeeded to a 
very considerable extent, yet ilic manner of employing 
the steam in a cylinder where cold water^is to be ad¬ 
mitted, for the purpose of condensing it at ^h stroktfj^' 
and the piston and cylinder benng expo'^ed to the atmo¬ 
sphere, render it so imperfoct, that above one half of the 
power of the steam is loht by this construction- And' 
therefore, even with IVIr* Smeaton^s ingenious improve* 
montSj'the Rtcaui Engine at th^Lt time \vas but a very im- 
perfecft machine, and by no means applicable to such a 
variety of purptises as it is now in its improved state. 

The ingenious Mr, James Watt of Glasgow, perceiving 
the great Joss of steam which was sustained in it!si^ use, in 
Newcohicn’s engine, about 176S, made a variety of ex¬ 
periments on thiii subject, and in 17"^^ obtained a patent 
fora liew mode of applying it; in which the cylinder iVaa 
Qiade^ close both at^pttom and top, and die rod which 
conii^ted tlie pistol with the lever^ was made to work 
thirou^ ft' Collar of hemp and tallow, eo uA to be perfectly 

atmosphere belthg thus excluded fr^ the 
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bo^ th^ vacuum is made by tbe it^^i 
p^ti is inov^d,j>f itc Also thfi st^am b not,^pil^4tUl««4 
by throWiu^ cold water into the cylindet^ but 
out by at) air pump, and condensed in a separate 
and,'In order to keep the cylinder a$ hot as poseiibM^^^ 
surrounded with steam, and covered with non-epndVeti^ 
substances. By this consitructioii, the engine baa l^n 
made to perfortn at least double tlje'eflect, with the sapijd 
quantity of fuel, as the best engines oti Newcomen^s con* 
StructLon. Mr. Watt obtaineckaa extension of his patent 
fright in the year 1175, by an act of parhajuent, for 


yearsjflin^d was joined by the ingenious Mr, Bolton of SohQ, 
neur.BtrKtungliam^ since whicJi, the same principle ha? 
?tilT been followed i but tlte working parts have undergone 
various modihcutions, by the joint abilities of thes^ able 
mechanicians. The principle which was appiied'to the 
working of the piston, only one w'ay, that is, by pushing 
it downwards, as the atmosphere did in Newcomen’? 
engine, has hIso been applied to the forcing it up; by' 
which means, eiigines, w lie re eyUnders are of a given 
diameter, are now made to pei^riu double the 
This has not only saved great expence in the original cqn'^ 
structioii of the engines, but has enabled them to be ap* 
plied in cases where iunnense power has been wanted, and 
yvhich conkl not have been performed at all by them on 
Newcomen’s construction^ By the same mode of apply-' 
ing the steam, it can now not only be used uf the strength 
of the atmosphere, but as much stronger as necessity or 
coDvenience may requir..; wlkich is a still further con* 
solidatton of the power. The celerity also with which the 
condensation of the f»team, and the discharging of the coo* 
densed^teaui and water, arc performed, enables them to 
work picker, and so to be applied4o all kind? of mill 
work, which are used in the numdl^s manufaqt^lVa of 
ctmntry. Corn \s ground by them^ cotton spun, silk 
l^stedj the immense machinery used in the i^ew o^ni^ 
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aihd i^tuding every kind 
wat^r e^ be applied!;'' They are also iiSi^ 
in^'itie *Wfious branclies of the civil engineer. Thus thd^ 
Wa^ 'is'taken from the foundations of Locks, BridgiS| 
DdKs^^jtc. ^ The piles are driren for the foundations, u 
thifi finottar maimtactured for the building of the walla; 
eairth taken from their canals; and docks and works have 
been of late perfonni^ by their means, which could 
have been executed without them. 


They are also made so ^rtable for some purposes, that 
they are evert constructed on boats and carriages, to 
be moved from one place to another; while in othefisthey 
^fe made on a large and magnificent scale, Messrs, Bolton 
and Watt have made tlieni from tlie power of one, to that 
of horses \ and by their late coiUrivaiices in the exe- 
Ctitibn of their different parts, tfiey are so manageable, 
that even a lad may attend and direct their operations; 
nnd so regular in their motions^ tfut water itself Cannot 
be mote so. » ^ ^ 


The quantity of which they consume is compefO- 
tively small, to the effect they prodiu c.—One bushel of 
thebest Newcastle coal applied to the working of an engine 
foT pumping, will raise about'million of pounds! one 

foot high*-—But in these engines, when the steam acts 

on the piston, both in its ascent and descent, the saipe 
quantity of fuel will not produce quite so great an e%cr^ 
as there is not so much time for performing the con-< 
densation, on which account the vacuum h i>bt so com*- 
plftte. 

For a more full account of Steam Eugme^j se^ Dr. 
Hutton's Dictionary, 


Op Baliens, telegraphs, Bfc, 

er part^^ the lartt century, among many Luj- 
genioua;mechanical inventions, has produced the two,r^ 
maili^bite^^^ i^iating to air balloons^ and to telegraphs. 
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means of cUstantj (juick pr si^ret ui 
imd^nlng which a b^rief account may here 
and first of Acrofitation and Ait Balloons, 



r 


The fundamental principles of aerostation h^roj^eh 
long and generally known, as well as speculations''birtlie 
theory of it ^ but the sucoesaful application of them to 
practice seems to be altogether a modern discofvery* 
These principles chiefly respect the pressure and elasticity 
of the air, with its specific gravity, and that of the other 
bodies to he floated in iL No^any body that is specific 
cally, or bulk for hulk, lighter than the atmospheio. If 
buoyed up by it, and ascends to sucit heiglit where the klr, 
by always dimiimhing in its density upward, becomes of 
the same specific gravity as the rismg body; here tbii^ 
body wit) float, and move along with tlie yriud qt current 
of air, hke clouds at that height. This body then is an 
aerostatic machine, wliutever its form or nature may be; 


such as an air-balloon, the wliole mas.%of which, incti^ing^ 
iU clovering and contents, with the wctgiits annexed to it, 
13 of less weight than the of air in which it 

rises. ^ 

i K 

We know of no solid boilies however that arc light 
enough thus to ascend ami float in the attnospbere; 
therefore recourse mut^t be h-id to some fluid dr aeriform 
substance. Among these, that which is called hiflaTunciable 
air is the most proper for that purpost^; It is very ^stiC| 
and is fi, 8, or IQ times Jfgiaer th^a common air. So ihat, 
if a aufficiertt quantity of ihat kind of air be inclosed ift 
any thin bag or covering, the weight of the two together 
will be tesa^han i)ie weight of the same bulk of common air; 


consequently this conipoum' mass will rise in the atmo^ 
apbere, till it attain the height at which the atinwphere is 
of thi^ same specific gravity as itself j^lpiere ii will t^pmiir 
or. float with the current of air, as os the intf^mable 
gOi.4oes not too mucji escape through the poros oCSts Co<- 
TeriniJ"^' Aud this is an inflamniable-air ' “ 

a 
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Anot^ier wa^ ji, to use ofjpommou air 

lightedb^ing % wi^ead. oft the indatm^lt^ 4^ 
and expands common air^ and consequendy 
spcciiic gjavity* So tbat^ if the air^ iucJo^in 
angl^in^ oi a bag or coverings be heated^ and thus dtkted, 
tQlftUch a degree, that the excess ot the weight of an equal 
volume of cumiiiou air, above tike weight of the heated 
air, be greater than the weight of the covering and ita 
api^ndages, the whole compound uiahis will ascend in the 
atmospherej till it arrive height wliere the atmosphere 

has the same specific graWy with it; where it will remain 
till, by the cooling and condensalioo of the included atr^ 
the balloon shall gradually eon tracts and descend again, 
unless the heat be renewed or kept up. And this is 
beated-air or a fire balJoon, winch is albo called a Mout* 
go]0er, after the name of its inventor* 

Various bcheme:^ for rising up iu the air, aud passing 
through it, have been devised and attempted, both by the 
' ancieius and the moderns, oti different principles, and with 
various success, Oi the^ attempts, some have been oti 
mecbapical principl^i^V^by the powers of mechaniMa; 
and suqlj, it la conceived, were the inst^uiccs related of the 
flying pigeon made by Arcliytas, the flying ^agle, 
and the fly by Itcgioiiiontamvs, witli many others, both 
among the ancienU and inodcruis. 

Other prqjeets have been vainly I'ornied, by‘attachiitg^ 
wings to some part of the human body, to be moved either 
by the bands or tlie feet, by mean of Luechantcai powers^ 
so that striking the air with tlieni, alter the manner of tho 
wings in a bird, the pertiOii might raise himself in the air, 
and transport liituself through it, in imitation o^ that ani« 
mai^ But'.tliese attempts belong rattier to that species or 
principle pr motioii^ called artificial flying, than to the 


qf aerostat^^^ wliich b properly the sailing Of 
floating in the air by nieaps of a maebine rendered speq^ 
fically thAt demenj, in imitation of aqueous 
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nAvigati^nj or the sailing on the water in a ship, or ves* 
sel^ which is speciAcaJlf Jighter than this elenient. 

The first rational account to be found on record^ 
this kind of sailing, is perhaps that of our coiintr^f^ii 
Roger Bacon, who died in the year 12d2. He not wly 
affirms that the art is feasible, but assures us that he him* 
self knew how to make a machine, in which a man sitting 
might be able to convey himself through the air like a 
bird: and he farther affirms that there was another person 
who had tried it with success. ^^The secret it seems con* 
visted iu a couple of large thin shells, or hollow globes, of 
copper, exhausted of air; so that the whole being thue 
rendered lighter than air, they would support a chair, in 
which a person might sit* 

Bishop Wilkins too, who died in 1672, in several of his 
works, makes mention of similar ideas being entertained 
by divers persons. “ It is a pretty notion to this purpose* 
says he, (in his Discovery nf a New World), mentioned by 
Albertus de Saxonia, and out of him by Francis Mendoza, 
that the^air is in some part o^it^l^vigable* And that 
upon this static principle, any bHifl or iron vessel, sup¬ 
pose a kettle, whose substance is much heavier than that 
of the water; yet being blied with the lighter air, it will 
swim upon it, and not sink/’ And again, in hfs Dedalles, 
he says, ** Scaliger conceives the framing of such volant 
automata to be very ea^sy*. Those ancient motions we 
thought to he contrived b}^ the force of some included air. 
As if there bad been somr^ lamp or other fire within it; 
which might produce such ii forcible rarefaction, as should 
give a iDp^on to the whole frame*” Hence it would seem ^ 
that bishop Wilkins had some confused notion of suob a 
thing as a h^aced-air balloon. 

Again, father Francisco Lana, tn bij^rodron^ printed 
in 1610, proposes the same mcthoiitl'with that of Roger 
os his own thought, Hq considers that a hollow 
ves 4 e 1 , exhausted of air, would weigh less than yjfh&a fiUed^ 
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with that flaid* 'He reasoned that^ as tlic capaicUf of 
spherical vessels increases muck fawtsv than their 3urfafi«| 
foroier increadng as the cube of diediEunetor^ but the 
only as the square of the sarnc^ it is tJierofore pOs- 
to make a spherical vessel of any given lUEtter and 
thicknessj and oF such a size as^ virlien emptied of airj tt 
will be lighter than an equal bulk of that air^ and conse^ 
quently that it wilt ascend in the atnio^phcre* After 
stating these principles, father Lana computes that a 
round vcsscl of plate*bra^, 14 feet in dumeter, weighing 
5 ounces the square foot, will only weigh 184B ounces; 
whereas a quantity of uir of the same bulk will weigh 215G 
ounces^ allowing only om; ounce to the cubic foot; so 
that the globe will not only ascend m the air, but will also 
carry up a weight of 308 ounces; and by jnereasinjr the 
bulk of the globe, without increasing the tliickucss of the 
metal, ho adds, ^ vessel might be made to carry up a much 
greater weight- 

Such then were the fipecuiEition;^ of ingenious men^ and 
the gradual approadli^ffewards thi.^ art. But cine thing 
more was yet waiitingVkhough in some degree acquainted 
with the ^veigbt of any quantity of a^r, considered as a 
detached substance, it seems tliey were net aware of its 
great elasticity, and the universal pressure of the atmo¬ 
sphere; a prt'ssure by which a globe, of the dimensions 
above dcscnb(;d, and exhausted of ns air, would imrne^ 
diately he crushed luwaids, for want of the equivalent in¬ 
ternal counter pressure, to be sought for m element, 
much lighter than common air, and yet nearly of equal ■ 
^ressuhior elasticity with it; a property and cirjeuiitstance 
atttitidhig iiidamRiable ga^^, and also common air when 
considerably hoaletl* 

- It i^' evident the|^Jiat the schemes of ingenious men 
hkh^rtb itiust have no farther than mere specuktiern;^ 
othirtwiae they could never have recorded fancies w'hicki 
oA'tlia nlteiupt to he put in practice, must liavo mti^ 
VOL. lU 1 
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fiLfested thc^tr o^vn hisnificiency^ by imniediate failu^ 
of succciis. Fotf insitcad of exbaustinf; the vessel of air^ ii 
nmi»t be filled either with conmion air heated, or with 
soaie olber equally elastic but lighter 4ir, So that o»,to 
■ whole it appearb, that the art of travcrbiiig the atuiosphftifej 
iij an iovetktiuit of our o-svii ttmo; and the ;>liole history of 
it 1$ coinprchetided within a very short periods 

The rarefaetioa and evpansiori of air by heat is a pro¬ 
perty ot tt tjjat has been Jon^ knowiij not OTily topbiloso- 
pbers, but e\eji to the vulgar, JJy this means it is, that 
the smoke is euntijiiiaiJv earned up our ehjnLiiey>: and 
the odbet of heat upon air, is made very sensible by brings 
ing a bladder, only partially lilled vvitb air, near a hre; 
when the air presently expands with the lieat, and distends 
the bladder so a!> a]most to burst il. Indt^cd, so well ara 
the conmion people acquainted with llus effbet, that it is 
the constant practice of tliose viho kick about blown blad¬ 
ders, for foot balls, to bring tbcin from time to time to 
the iire, to restore tbe spring of the air, and the distension 
of the b*j,|], lust by the couUnuah^dolfPg and waste of that 
fluid, 

But the great levity, or rather sinall weight, of iuBam- 
jnablc gas, is a vciy modern discovery, namely ivithin the 
last 40 or 50 years ; a discovery cliiHly owiiig to our own 
countrymen, Mr, CUveudi&ii and Dr, JJlack, the latter of 
whom fmjueotly menlmned also tlie feasibility of inclos- 
Jiig it m a very tino bag, tuy as tliat tt might ascend into 
the atmosphere ^ an idea whicJi vrus first put in practice, 
on a very small scale, by ]\lr, tJavalio, another ingenious 
pbilusoph4^r» 

Jt was however two brolhers, of tbc name of MoutgolM. 
fier, near die city of Lyons in Franco, who, in the year 
first oxlubited to tfie world ,wj^t may properly be 
ceiled air-hailoontt, of hirgc dimeusidtis, being xllken bagd 
irf many feet in diameter, T’hesc were tin the principle of 
common air lieatcd, by pasimg through a firci m&de near 
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the orifice or bottom of the balloon- This heated air and 
the smoke thus ascended straight up into the bag, and 
fi^dually dhteudod it, tdl it bi'Came quite full, and so 
iSiKh lighter than the atmosphere that thebal/ooii rapidlj" 
ascended, and carried up other ivcights with it, to rery 
great heights. After attaining its utmost height however, 
partly by the cooling of the incltided air, and piJrtly by its 
escape through the pores of the covering, the balloon gra* 
dually descends very slowly, ami conies at length to the 
ground, after being i^OLiictimes earned to grout distances 
by the wind, or currents of air ui the atmosphere^. 

Other hallooiis were also soon made by the philosophers 
in France, and after them in other eonntries; namely, by 
filling the balloDa case with iiiHauimable g-is, a more 
trnubicsonic and experisive process, but of itmch better 
effect; because, having only to guard against the waste of 
the fluii.1 through ctic pores, but not Its cooling, these bal¬ 
loons Continue much longer in tlie air, sometimes for the 
space of many hours, enabling the passengers to jjast over 
large tracts, of coarill^-On fine of tlic-sc occasions, Mr. 
Blaiicliard, a noted operator, uirli a favourable wind, 
passed over from Dover to C'alai;^, acconjpmucd by another 
gentleman- 

Many other persons o^llJbEtod halhmiKs, of large dimen^ 
sioii'., piirticularly in b’rance and olher parts ol the conti¬ 
nent, w itfi x^arious success. The pn pic of that country 
have also successfuliy applied balloons to the eKaiTUUulioLt 
of the state of the higher rcgioiw of the atmoiiphere; and 
also in their armies, to discover the dispositions and ope- 
rattoiH of till enemyS position and CLimp, la KiigUnd 
they have been less attended to, pcil^aps owing at first to 
an unfo-'touato prejudice, and an idea thrown out, that 
they conitl not be turned to any useful purjiOije in hfe.—^ 
A 'fepfpsenLitiun of seVeral different Inilloons is exhibited 
in plate 14, 
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A Telegraph is a inacliine lately brought into use by" 
the French iiatiouj namely hi the year 17^3; being 
trived to eommutiicutc words or signals, Ironjoue persouTO 
another^ at a great distance^ eiiuI in a very short time- ^ 

The o[»|cct proposed is, to oiitain an intelligible figura¬ 
tive language, to be distinguished at ii di'Stance, to avoid 
the obvious delay in the dispatch of orders or inforuiation 
by messtmgers* 

On hrst reflectionj we iitul the practical modes of such 
distant cunimunieation mint be coniiued to sound and vi^ 
si on, but chiefly the iaUor. of these is ni a great 

degree aflceteii by’ the st«ite of the atimj^-phere: as, imle- 
pcndenl of the wind’s direction, the air is sometiines so far 
deprived of its elasticity, or whatever other quality the 
conveyance of sound dejiend'p on, that the heaviest ord¬ 
nance is scarcely heard farther than the shot flie^; and, 
on the other huiid, in thick Ijd^y wcatlier, the largest ob¬ 
jects become quite obseiire<l at a #hort fhstaner\ No in'* 
striniient therefore, ilcsigned ]for the purpose, can be 
perfect* We can only endcavonif. to overcome tliese de¬ 
fects as much as mav be. 

Sunie kind ol distant signals miisi: l>ave been employed 
from the earliest antiquity. It seems thi^ Ronmiis had a 
method hi Uimr ailed cities, either bv" a htjllnw formed 
in the masonry, or Uy tulies afh\od u> it, so to coiilinc and 
augment sound, as to convey mfoniiatioii to any part 
they vrislicd ; and ni ioj'y housed it is now sonicthnes the 
custom to have a pJpo, bv way^ of speaking trumpet, to 
give orders from the upper apartikteiits to tlio loi^per; by 
this mode of con lining sound, its etfect may be carried to 
a very gieat distance; but beyond a certain extent the 
sound, losing articuktion, would convoy alarm^ and 
not give directions, ^ 

^ Every city among the ancients had its watch towers; 
and the costra stativa of the Homans had always some 
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spot.^ elevated either by art or nature, from which signaU 
)\*e given to the troops, catitoncil or foraging iu the 
ighbourlmod. Bat they had pnibahly not arrivoJ al 
^eater refinement than that, on seeing a certain stgnaf, 
they were immediately to repair to their appointed sta 
tioiis. 

A beacon, or bonfire made of llie first inflammable ma¬ 
terials that offered, as the most obvimis, is ]>cdiaps tlic 
most ancient luode of geneial idarm, and by being pre- 
viont^i}^ coiicerlcd, the iinmbrr or poiiii wliere ilie fires 
appeared uiiglit liave its pavlieiilar iidclligciiice afExed, 
The same oUscrvatiohs imiy be referred to the tlirowing 
up of iQcJtete., whose rmiuber or tin; point fioin whence 
thrown mav li.ne its afti.xed signidcatKin. 

J^’lilgs i}T eiisiges, wilii tlieu vai mils devIce'Sj arc of t.ar"- 
Jiest tnvcnimn, espeeiiilly ut sea j where, from the first 
idea, which was proUihfy tliat of a vane to show tliodirec- 
tiott of the wind, tfiey Inive heoij long adojiteil as the 
liistingnislmig niaik ^mtions, and aie now so neatfy 
comlniied by the inj^tAiity of a gh at naval eoinniander, 
that by hi^ system 'everv unjiiisile oulev and (jaestioii is 
received and aiwwered ii\ the niosi distant sliijis of a fleet. 
To the adopting this, or a siimlai modig in land service, 
tlie f<dlowing sue ohjeetioiis^ that m tl»e latter case, the 
variety of wuUter necessary to he conveyed is so exceed- 
inglv great, tlniL the comhinutioiis vouhl beeome too 
cmnplicated. Aial if the persim for vl horn the in formation 
intOLided slioiiUI lie iu the directuiii of the wind, the flag 


woni^then present a straight line only, and at a httlc di¬ 
stance be invisible. The Romans wer<^ so ^vell aware of 
thia incoii\emence of Hags, that innOiV of their standards 
were st lid; and thejiame mani^inliis rlisnolc'i llm rudest of 
tlicir modo^, «liicl^s a truss oi hay fised on a pole, 
The pi met] jle of water ahiayskerpiug its own lev’el has 
been suggCi^ted, as a possible mode of conveying inteifu 
genccj by an ingenious gcntlcmai], and put in practice on 
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a small scale wltli a very plcasin^jcffect* As for example^ 
suppo.se a leaden pipe to reach bcl^vcen two distant pbe;^^ 
and to have ct pcrpondicular tube connected to each 
treonty, Thujj if tlie pipe be constantly filled wim 
ivator to a certain liciofit, it will always rise to its level 
on the opjJosUe end ; aiul if fmt one inch of water be 
aiklcd at one e\tremity, it ynW almost instantly produce a 
simiLii' clcvaHon in the tube at tlic other end : so that by 
cunvsiiontliji^ letters being adapted to the vertical tubes, 
at ditTerent iieights, imejlicence may be qnichly conveyed. 
But this method is liable to biieli ol.je ctioti^, tfiat It IS not 
likely it can ever be adopted to laciUtate the object of very 
distant comm uuicaLi on . 

Fti)) iiM many, if not greater objections, will perhaps 
operate aginnst cverv mode of electricity being used as 
the vehicle of inforniahon.^Anil the rc^]lll^lt^^ magnitude 
of pamfed or illummated b tiers, olicr.s an insnnmmntable 
obstacle; besides in tliem one object would be lost, that 
of tlie language being I’lguiativc,,. 

Another idea is pjeiUctly nniti^rlcal, which is, to raise 
and depress a flag or curraui a ecriaiti number of limes for 
each letter, uccoulmg to a nrcvnmslv conceited system ■ 
as, suppose one cjcvaii{in to mean a, two to mean ji, and 
so on througli the alpliabct. But in tins case, the least 
inacciiiacv in giving or noting the number, changes the 
letters; and besides, ihc List letters tif the alphabet vv^ould 
be a icdimis o]K'raLioiu 

Another method that ha been proposed, isan ingenious 
combination of the inugiicMi.il expernuent of Coiuue^ and 
the telescopic iihci ouifier. n<it a'^ this is only an imper¬ 
fect idea of Mr* GainetN (-ry ingenious maclime, de¬ 
scribed below, no farther notice need be taken of it here# 

Mr, GarnctN contrivance is merely fijbtit or plank, turn¬ 
ing on a centre like the arm of a tviiidtrnh ; wliich ocing 
moved into any position, an observer or correspouciiint at 
a dUiance turns the tube of a telescope round its axis^ into 
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tlie sBftie position, by bringing a fixed wire within it to 
coincide with, or become parallel to, tlic bar, whieli is a 
'j|hing extremely easy to do. The centi'e of motion of the 
' bar has a small circle fixed ou it, with letters and figures 
arnmid the circumference, and a moveable index turning 
together with the har, pointing to any letter or mark the 
operator may wish to act the bar to, or to coiumnnicate to 
the observer* The eye end of the telescope hiW a like index 
and circle fixed on the outside of tt witii the coi responding 
letters or other marks. The amsequeiicc is obvious; the 
telescope iieing turncil round its axis, tdl its wire cover, 
or become parallci to the bar, the index of the former ne- 
eessardy points out the ^;mre Tetter or mark on its circle as 
tfiut of the liLller, and the coiiuimnieation of sen^tnuent U 
immediate and j/erleci:. The use of thisnuichine is so easy, 
that we luxe s4.k ii it uLLl into tliC hiLod^ of uvo eoiiuiion 

p 

bminiig men, \\\io bad seen it before, wdien they 

have iniLiieduUely heiJ a tjojck and fljitanL conversation 
together. 


J’lg. 1 pk L*J icprcsents ihe proieipal parts of this tele* 
scope: AIIOf. I-- tilt; tefogiaph cu l>ai, iulj on the centre 
of giwii\ c, about whuli ir a lixed jim, going 

through a liuEe or socket m (he tnm u])iigljt ]>ost G, and 
oil the opposite side is (ixed an joilex n, fhmecntiic to 
e on t!u; same po^t, Js u Ijp-lss einde, oft: or H inedses 

diauiiter, disidi-d mto equal )Xo^, 24- of wdiudi repre- 
seiit rlie lecti-rs of the alpimbet, and in ihe olIku' 24t be¬ 
tween the letter^, aie innnhers* *So that the index, by 
ot the arm An, may he set ur moved to any letter 
or ^ftiniber. 'I'fic length of the arm or bar slmnld be 2^ 
or ,S feet for every iiiiie of tiisUiic^ ^ ^Ihio revolving 
of diTbrent eoloms, suspended occaMoiially at a and u, the 
cuds ot die arm, would serve eijually at mght. 

Let j*j’ (fig, 3 1-5) rcprefieiit a transverse section of 

the oiituarki tube of a telescope, hke section of 

the sliding or adjustuig tube, on which u tixed an index il* 
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On tlw pftrt of t!ie outwn.Td tijbci next to the observer, is 
fixed circle of letters ami numbers, similarly divided and 
situated as the former circle in tiijf i; so that the index ^ 
by mcan^ of the sliding or adjusting tube, may be ttirn^ 
to any letter or number, Noiv tliere being a hair, or fine 
silver wire, fixed iii tbc focas of the cyc-glu'^s; when 
the arm An of the telegraph is viewed at a distance through 
the telescope, the hair may be turned, by means of the 
sliding tube, to the same position as tlie arm a » 5 then the 
index ji (fig. 2) will point to the same letter or number on 
its own circle, as the index i (tig. 0 points toon the tde* 
graphic circle 

If, instead of using the letters and Jiumbets to form wonis 
at length, they ho used as signals, three inotUms of tlic arm 
Will give a hundred thou>antI diiierent signals. 

But a ielegra[»h, cninbuied with a telescope, it seems 
was oiiginaliy the nivciuion nf M, Amruaoiis, an ingenious, 
French philosopher, aboul tlio middle of the l7tli century; 
when he pointed out a method to acquaint peo|jle at a great 
diiitancc, and in a verv little lime, wiffi whatever w e please. 
This method was as follows: Lft persons be placed ir» se¬ 
veral stations, at .siicli di.stance*? from each oilier, that, by 
the help of a telescope, a man in one station may sec a 
signal made by the next before Inm ; this person iniinedi^ 
ately re}>eats the signal to the third man - and tins again 
to a fourth, and so on through all the slatJOiiSj to the last. 

This, with consideraivlo improveinetits, it sca'ins has 
Jatdy been brought into n o by the trench, and calleil a 
Telegraph* It is said they have availed tiiemselvrspf tbjjt 
coutrivaiict: to good jsurpose, in the late war; \vhiehf'4fos 
induced the English also to t-mploy a liKc in^irumeiit, in a 
different form. 

The new mvented telegraphic langtw^ of signals, says 
a French author, is an artful contf^ijfc^. to transmit 
thoughts, in a pceuhar way, from oite cRstance to another, 
by naeans of machines, which arc placed at different di»< 
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Unces, of from 12 to 15 miles each, so timt the expression 
teaches a very distant pfacc in the space of a few miimtes* 
only tiring which c^n interrupt their eilects is, if the 
>^ather be so bail and turbid, that the objects and signals 
cannot bo distitiguiishcd. By this niveutlonr remoteness 
and distance almost disappear ^ andaUtlic comniunications 
of correspondence are eiTceted witli the rapidity of the 
twinkling of an eye. The greatest advantage winch can 
be derived from tlris correspondenccj is that, if wc clioosci 
its object shall be known to certain individuals only, 
or to one individual atone, ur to the extremities of any 
distance. 

Fig, 3 pk 15 represents the form of the French Tele¬ 
graph. A A Js a beam or mast of wood, placed upright on 
a rising ground, and is 15 or IG feet high, nn is a beam 
or balance, moving on the centre a a, TliU balance beam 
may be placed vcitically, or Jmri^ontally, or any hoiv in* 
clined, by means of strong cortNj winch arc fixed to the 
wheel D, Oh tlie edge of which i^ a double groove to re¬ 
ceive the two cord?, Thl^^ babnee is 11 or 12 feel long, 
and 9 inches broad, having uL the end two bats cc, which 
likewise turn on the angles by n 1 ea^^ of lour other cords 
passing through the axis of the iiinja ImJunce, Tlu; piccraj 
c arc each about three feet long, and may be turned and 
placed eithiT to the light or left, str,nglit or"square with 
the balance beam. By means of thev three, tlic combina¬ 
tion oi uioveiiieiits K said to he very e^lensivOj veinarkably 
simple, and easy to perrorm. JSelov^ is a smalf wooden 
hut, in winch a person I'i employed to attend the move* 
the machine^ In the nioinitani nearest to this, 
another jierson is to repeat these mciveiuciitij, and a third 
to writ ’ lUeui down, "The signs aiv soincLiiii^s made in 
wordsi, and sometimtjs in letters ; when in words, a small 
flag lb hoisted ; "ATOi'as the alpliiibcl may lie changed at 
pleasure. It 1 ^ only the corfCsi>ondiT;g person wlio knows 
the meaning of the signs. The alpiiafiet, as well as the 
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nexed to the diircreht forms and^positions into ^hicb the 
bars of the macfimc may l)c put, 

Many improveitfeiitfi and additional contrivances ha^ 
been since made in England, The foliewing one is hy tlie 
Rev, J, Gamble. The principle of it is simjdy that of a 
Venetian window-blind^ or rather what arc called the lever 
boards of a brew'house, which ivhen horizontal^ present so 
small a smfacc to the distant observer, as to he lost to his 
vievvj bat arc capable of being in an instant cliangcd into 
a screen of a magnitude adapted to tlic required distance 
of vision, AEiiOFf' (fig, 4 pi, 15) is a firm upright framcj 
Bupporting & lever hoards, working on centres in bb and 
nr, and npening in three divisions by iron rods. And 
ah c efg h are two lesser Frances, li^ed to the great one, 
having also three lever boards in each, and moving by iron 
rodsj in the same manner as the others. If all these rods 
be brought so ne.ir the ground, as to be in the manage- 
ment of the operator, lie w-ili tlion have 5 keys to play on. 
Now as each of tlie iiandlc'^ ikim n connnAnds three lever 
boards^ by raising any one oi tlictn, and lijiing it iti its 
place by a catch or hook, it will give a dirikiveiit appear¬ 
ance in the macluue; and by the proper varialion of these 
6 movciucnt'i, tiiere v'lll be more than 25 of what may be 
culled mutations^ in each of which the luachinc oxhiblt-i a 
dilfercnt ajipearance, and to which any letter or figure 
may be annexed at pleasure. 

Should it be required .o give intcUigcnce in more than 
one direction, the whole jiiaclimo inay be easily made to 
tm n to diderent points, on a strong centre, after the man¬ 
ner of a single post wind.'ulb—-To use this machine by 
nighty another fume iiiuat be connected with the back part 
of the telegraph, for raising 5 1 amps,^|^dliferent colours, 
bchbid the openings of tlie lever boards, these lamps by 
night answering for the openings by day. 

Fig^' 5 pL 15, represents a front view of the latest form 
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of the telegraph, cinployed by the English govern• 
inent, by which a. sigiian* conveyed between London And 
Kal, being 72 miles, by repetition, in 3 minutes. The 
wrrespondmg boards forming a scafe f#the alphabet, and 
for numbering, is annexed in the engraving. 

We ‘thull limit oiirsclve>j to wliat has been here said re¬ 
specting those macinnes, which have acquireJ the greatest 
ceiebritj?; but wc shall point; out a tew books, which those 
who are fond of inachiut^s, and ^vho wi:sh to instruct them¬ 
selves by CKumpIc, may con.^all for that purpose. The 
first of these, which we shall mention, ib the Theatruni 
Meclianieuin of Leupoltl, in sei'Oral volumes folio, the Uit 
of which appeared in 1725* Thi*i is :i cnnoits work, but 
the author^ tiieory is not always well founded; for lie 
seems not to be entirely convinced of the impossibility of 
the perpetual luottun. The next w the Tlieruro dcs Ma- 
chincs^ of Jame'f Ihsson, in Luiiidn and French. And to 
these we shall add, Bocklcr’s woik,in that of Ila- 

mclh in It.dian and French, which is rare, and in great re¬ 
quest* The Cabinet des ^Licliiuc'h ol dc Scrvie^c^, 4to, 
Parts Is one cjf the ojost ciirmus wmks of this hind, 

on account of tlie !>reat uumber of uMcInnes described in 
It, and which were invented by ibe .lUtUor, Some ol uiem 
are very lu^ciiious^ ami the principle'* on winch they are 
coiiNtrncted deserved to have bei'n luater explained; but, 
in geiioiul, 1 Itcv are more curious useful. 

The dc'criptioii ol tire in'tliotl in wliicb tfic Chevalier 
Carlo Fontana raised the famouji oHin-.k, now Indore St, 
Peter’s at Kome, m likewise a work voitliy of a jdacc in 
tile libiarv of every person fond of meehanit s, M, Loriot, 
who has a collcciion of maclnnes, iriveution of wbicli 
displavs great ingcnnitv, has» promised to publish sojiie 
day a desenpUom of them. This, in oiir opinion, would 
ho a curcH.- ar>d useful work ; for tjjoniost of fus maelinica 
bear the of genius. We have seen one invented hj" 

him for dnving piles, which acti^ by a motion always in 
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the fcame direction, ^vitliout being obliged to stop or to 
retrograde, hi order to raise up again the MOight. Nothin^j 
in our opinion, can be more ijjgenious than tljc methodic 
wlncli^ after the of tbe weight or rammcr,^tbc hook/ 
tbat to I'atse it again, lays hold of it, and b}^ which 

the cable lengthens itsell in order to rtiacli lower and lower 
in pioporltoii as the pile sinks deeper. If this mode of 
con St met I on be conijiared w’itb those hitlierio euiplo 3 "ud, 
no one tan refuse to give it tbe preference. 

ThejO Is iiKo the Coliettion, in 6' vofs^ 4to,of Machines 
and Inventions approved hy the Roj^al Academy of Sd- 
ences, eoniaiiinig tiic engravijigs and descriptions of a 
great nuiltiliide of iiiiLchiiics, In Englisli too we have 
Dcs,lgLlUel^^ C'mirsc of Esperiiiieiitai Philnsopliy, in 2^ 
vok, 41 o. also Kinei'soids Mechanics, hotli t ontaiiiing tlic 
figures and descn]Jtioiis of many curionsi and useful ma- 
chines. Hesidea some otliers, of less note. 
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A TABLE , 

iy the Speqfit' Gt'avities of diff'crerii bodies^ thai of rain qt 
' ' distilkd water bdng supposi^ {\}00* 

metals, 

Gold. 

SjKM'iUc 

(JrfiTity, 

Ptirc gold of ^4 caretsj melted but not liamincrctl ] 

The same hainuicred . , . , 

"Gold) of the Patitiiaifi standard^ *22 carats tuic^ not 

batnmered * . . , • 17480 

The ijame hammered * * . *17,581) 

Gold of tlie standard of French coii;, 21J carats 

finej not fiaiimirn'ctl * . . IT 103 

The same coined . . * * 17^147 

Gold of the Frencli trlnlsoL slaiidaid, 30 carats 

fiiiCj jiot haniincrod * * * , I570i> 

The same haiiunered ... - 15775 

Sihn\ 

Pure or virgin silver, 12 doniets iuio^ not ham- 

inereci . . ♦ - . JOt^7t 

The same Ihuiimered » . * . 10^11 

Sdver oi t!n‘ Paris standard, 1J dofin rs 10 

fine, not liaunnered i , , . 10175 

Tlie same lianimered . * - . 10.177 

SiK er, standai'd ol the French com lOileiitei^ 21 

grams iliie, not luLinniercd . » . 100)8 

The samv coine<l , ► ^ ^ i0t()8 

Pldiifiif* 

Crude {dalina, in grams > . , . 15i]02 

Puntied }:latiiia, nnt hammered , * , 

* Tbiii:f tJufi bftuic pilJ* f flnt i6 it) trs. fiftsi tir^L 



126 


■PECIFIC OKAVtTlEd, 


The same hammered - - , * SO'337 

The same driin ti idle ^ire . . . 21042 

The same rolled > * . « 22069 

Copper and Brass, 

Copjvr not fiammcrcd * - , 778S 

The same »iie-dra\vu * * , S879 

liras'^, not hammered . . » • 

Tlic s^iiuc wiri>dra^vii . , , , 8^44 

Coumioti cast brass . * ^ , 7824 

Iron and StecL 

Cast iron . , • * . 7207 

liar iron, either hardened or not - . 7788 


Steel, neither teiiiperod 

nor hardened 

9 -p 

1833 

Steel Irardciied under 
tempered 

the hummer, 

■ m 

but not 

4 t 

7840 

Steel tempered and Imidcned 

m < 

1818 

Steel tempered and not liardaied 

4- 9 

7816 

Other Metals. 

Pure tin from Cornvvall, melted and not hardened 

7991 

The s<tnie hardened 

i « 

# 9 

1298 

Malacca nn^ not hardened 

4 » 

1296 

The saline hardened 

■■ ■ 

^ 9 

7301 

Molten leaft 

4 4 

- 4 

11352 

Mnhen zinc 

■■ 4 

# 4 

7191 

Molten bismuth 

9 # 

• # 


Molten cohalt 

•■ 

4 * 

7812 

Molten at'Neaic 

4- 4 

4 ■ 

5703 

Molten nikel 

9 9 

1 ■ 

7307 

Molten acirimony 

h * 

i > 

6702 

Crude atitiinony 

-■ « 

i « 

4064 

Glass of antimony 

9 m 

* « 

4946 

Moi^bdena 

* ■ 

* n 

4139 

Tungsten * 

4- ■ 

« ■ 

6061 
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Mercury - , ^ , 

1 

1356a 

Uranium * , . * 


G440 

PKKCTULft STO^lK^^• 

.X 

White oriental diuinutid 

4 

3521 

Rose coloured ditto 

p 

aSM 

Orienul ruby 


42E^,: 

Spinell ditto , , , . 

d 

37GO 

Bulks ditto , « . . 


3546 

Brasilian ditto .... 

* 

3531 

Oriental topaze 

+ 

40U 

Saxoii ditto .... 

f 

3564 

Oriental sapplure 


tm4 

Brasilian ditto , . ^ , 

* 

3131 

Girasol 

4 

41^00 

Jarjfoii of (a'vIoti ^ . 

4 

4IJ6 

Hyaciiitii .... 

h 

36S7 

V^ertullion .... 


4230 

Bohemian ftajiiet 

* 

4132 

Syrian ditto .... 

m 

4tKJ0 

Voloaiiic ditto with 1?4 sido'i 

* 

2 Ififl 

Peruvian eiuorald 

p 

27lG 

ClirysoJitu of tlio Jcivellors 

4 

27tS2 

Brasilian ditto . , . , 


am 

Eevvl or oriental aijua-ijuui me 

* 

tUHi) 

Octillion tal ditto 

V 

5i725 

SI 1.1 CKO us SI ON I:.-’ 

Pure rock crystal of JVladaga'^car 

m 

26.53 

Ditto of Kurojju 

* 

2655 

Crystuilized (juartz 

4 

2GS5 

Orient il .. .. 

4 

S500 

Agate i;ri) x . . . 

4 

2633 

Transparont calccdony 

+ 

2664 

Carneliau ... * 

4 

2(il4 

Sardonyx .... 

4 

2603 
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Pra&iuni . , * . 


2511 

Onyx j>cbble . , . * 

* 

2661. 

Wjjjte Jatic * . . * 


2950 

Green ditto , * , , 


2966 

Rcfl Jnspev .... 

* 

S66I 

Brou n ditto * . . * 

« 

2691 

Yello^v ditto . . , . 

* 

3710 

Violet ditto . , . , 

a 

2711 

Giey ditto .... 

* 

2764 

Black pii^rnatic lioxacdral Schorl « 

b- 

3385 

Black umor]diriLii} hdiorl^ called anlujur basaltes 

2923 

PaviJifj stone . . . ^ 

fe 

2416 

Gi’iad^iioiio .... 

* 

2143 

Cutler’^ stone .... 

« 

2111 

Milestone .... 

•m 

2484 

Wlntc flint .... 

■ 

2594 

Blackish ditto .... 


2583 

VAIUOUS STONESj 6tc. 



Opake Italian serpen tine 

■ 

2430 

Coarse Krian^on clialk . 

m 

272? 

Spanish chalk .... 

» 

2790 

Mu.scovy talc .... 

* 

2792 

Common schist or slate 

ft 

2672 

New .slate . * ♦ , 

■ 

2354 

White razor bone 

* 

2876 

Black and Wliitc ditto 

* 

313J 

Icelandic crystal 

ft 

2715 

Pyramidal cafearcoui^ “^par , 

■ 

3730 

Oriental or vvliltc anticpio alabaster 

* 

2714 

Green Campainan marble 

■ 

2742 

Hcd ditto .... 

■* 

2724 

White Cusura marble 

■ 

3717 

White Parian marble * . * 

+ 

3838 

Ponderous spur - * 

■ 

4430 

White ftuor * - - 

* 

3156 
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Ited Hnor 

■ 


3191 

Green ditto 

«■ 

P 

3182 

Blue ditto 

■ 

» 

3169 

Viafet diito 

* 

m 

m 

3176 

Kod porphyry . 

p 

- 

2765 

Red Egyptian ^rsinite 

■ 

■ 

265* 

Pumico stone 



915 

Obbidlati ^tone 

a 

p 

2348 

Ita^altes t'nim the Cjiaiits caustvuy 

fe 

■ 

2664 

Toucli stone 

P 

p 

2415 

Battle glass 

* 

# 

2733 

Green g Llss 


p 

2642 

White glass 

« 

p 

2892 

Leith crystal 

* 

« 

3189 

Fhnt glass 

■ 


3529 

Seveti poreeUin 

P 

p- 

2146 

China ditto 

* 

1 - 

2385 

Native sulphur 

■ 


2033 

Melted ditto 

1 

♦ 

1991 

Phosphorus 

■a 

ai 

1714 

Hard peat ^ « 

• 

W 

1329 

Anibcrgriij 


m 

926 

Yellow luinspLureiit .iiiiher 


* 

1078 

I-IOV C^K s- 

OisiilK d \^aU-i i. 

r 

m 

1000 

Rain \\iUer 

p 

* 

lOOO 

Sea water * , 

* 

m- 

1026 

Burgundy wmc 

* 

« 

992 

Mainjscv Madeira 

t 

1 

1038 

Cyder 


* 

1038 

Rod bee r . , , 


« 

1034 

White ditto 

V 


1023 


* Sfi walci tnihir 11} act'Crj(ling ia ohinati\ It js Tii;avier m 

ihe tmrid Xrou^^ ami at Jiitaiidi' ^rucu tli? codti^t tluu in tiii? oortbcm 

vid onr taDd, 

K 


VOL, 11- 
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Highly recLifit^d alcohol 

■■ ■ 

« 

839 

Common spiiit of wine 

# * 


83T 

t^ulphuric ether 

m m 

• 

^39 

Nitnc ditto 

* > 


909 

Muriatic JiUo 

* 

t 

ISO 

Acetic ill 1 to 

A 

* 

866 

Uigldy coticentriitod ^ulpliunc acid 


2195 

Common sulpljuiio ucid 

« * 

M 

1841 

Highly CO [ICO titrated intrio acid 
Common mine acid 

V * 

1 

t 

1580 

197£ 

Muriatic acid 

m w 

■ 

1194 

Fluoric ditto 


* 

1500 

Ked acetoii:^ ditto i 

* 

■* 

1095 

White acetous ditto 

* * 


1014 

Distilled ditto ditto 

* * 

■ 

1010 

Acetic ditto 

* 

# 

i 

1063 

I'onnic ditto 

# ■ 

1 

994 

Solution of caiisttc arninouia, or 

volatile alkali duor 

897 

Essential oil ot’ turpentine 

h 4 

t 

ato 

Liquid turpentine 

■- i 

■ 

991 

Voiatile oil ot bvender 

■ 

m 

894 

Volatile oil of cloves 

d 4 


1036 

Volatile oil ot cmijaiiio)i 

w •* 

4 

1044 

Oil of olives 

# * 

■i 

’915 

Oil of sweet aluiuuds 

■ + 

w 

sn 

Linseed oil 

■ * 

4 

940 

Whale oil 

* T 

4 

923 

Woman's milk 

■ C 

* 

1030 

Coiv\ milk 

* * 

¥ 

1032 

Marc'» milk 

» ■ 

m 

1035 

Abs nulk 

* V 

•m 

1036 

^Gout’s iiiiik 

1 


1034 

£wc milk 

I- -f 

* 

1041 

KKSINS A^IJO GUMS, 

VCommon yellow resin 

■ 

1073 
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Masiic 


» 

■ 

■ 

1074 

Storax 



4 

« 

IHO 

Opakc copal 


* 

9 

* 

1140 

Madagas<i^ ditto 


A 


■ 

1060 

Chfno^e ditto 


■ 

d 

* 

1063 

Klemi 


p 

4 

«• 

1018 

Labdanum 


* 

+ 


1186 

DrigoiiN bloud 


d 



1205 

Goni Jnc 


i 

+ 

* 

1139 

Gum clastic « 


» 

fe 

*■ 

934 

Camphor 



« 

■ 

989, 

Gum am mom Lie 


* 

i 

m 

1207 

Gamboge * 


* 

m 

9 

1222 

Myrrh 


* 

i 

fe 

1360 

Galbatium 


* 


■ 

1212 

Assafu^tifla 


* 

p 

■ 

1328 

Gum arable 


m 

m 


1452 

Tragacantli 


* 

* 

■* 

1316 

Terra JapoiiKM 


■ 

r 

« 

1393 

Socotniie siloes 


* 

d 


1380 

Opiuiu 




* 

1337 

Indigo 


W 

W 

-1 

769 

Yellow wax 


•1 

m 

4 

965 

Whltc\ datto 


*■ 

9 

■ 

969 

Spc^^uare^1l 


* 

m 

9 

943 

Beef fill 



« 

m 

923 

Veal fut 


4 


V 

934 

Mutton fat 


d 

d 

« 

934 

Tallow 


d 

9 

d 

942 

llog^s fat 

* 

V 

■ 

i 

937 

Larrf 



9 

■ 

948 

Butter 



•r 

4 

942 


WOODS, 


Heart of Oak 60 years old 

«■ 

1170 

Cork » * 

\ 2 

S40 
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Elm plauk , . . - 

P 

67t 

Ash ditto 

* 

#■ 

■ 

4 

S*5 

Beech 

* 

* 

A 

• 

852 

Alder ^ 

* 

* 

V 

J 

800 

Walnut 


• 

P 

* 

671 

Willow 

r 

#■ 

« 

4 

585 

Male fir 

W 

r 


m 

550 

Female ditto 

* 

* 


* 

488 

Poplar 



4 

*■ 

383 

White Spanish ditto 

* 

■ 


* 

539 

Apple tree 

- 


■ 

* 

793 

Pear tree 

* 

4 



€61 

Quince tree 

§ 

* 


■ 

705 

Medlar 

V 

■ 

■ 

4 

944 

Plum tree 




i 

785 

Cherry tree 

m 

a- 


4- 

715 

Filbert tree 


4 


ft 

600 

French box 

■ 

■ 

■ 

ft 

912 

J>utch ditto 

1 

■ 



1328 

Dutch yew 

» 

■ 

* 

4 

788 

Spanish ditto 

« 

■ 


4 

601 

Spanish cypress 

#■ 

4 

4 

« 

644 

American cedar 

m 

* 

ft 

ft 

561 

Spanish Mulberry tree 
Pomegratiate tree 

A 

* 

ft 

4 

•1 

# 

4 

897 

1364 

Lignum yitm 

•# 

ft 

ft 


1333 

Orange tree 

ft 

V 

w 

■ 

i 

70S 


We may here observe, that the aumbers in the 
above table, ejtprm nearly the absolute of an Kn- 

glbh cubic foot, of each substance, iti avcrdupojs ounces. 


TABLE OF WEIGHTS, 


Boik antierii aiid ModerttfUS compared nitU ihc ^agliih 
fmmdj wh^h corUains 12 ouncts^ or grams* 

As we gave, at the end of that part which relates to 
Geotnetry, a comparative table of the principal iongiui-^ 
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Jiml measures, we think it our duty to give here & simitar 
table of the ancient Hebrew, Greek, and Roman weights; 
and also of the modern weigKtS| of different countries, 
particularin Europe, as compared with the EngUaK 
Troy pounds 


ANCIENT WEIGHTS, 



Hebrew Weights. 






Grii. Troy. 

Ub. 

CkZ, 

dwt, 

The oholufi called gerab 

0 

0 

0 

10-66 

Half shekel or beka , 103*3^1 . 

0 

0 

4 

7*37 

Shekd 

, . 206-74 . 

0 

0 

8 

14-74 

Mina or maneh 

. . 12453-67 ■ 

2 

1 

18 

31*67 

Talent or dear 

, 622683-6 

108 

1 

5 

3-6 


Attic Greek Weights^. 






flia. Tro}-, 

Jib« 

oz. 

. dvrti gri. 

Chalcus 

. , . -83 • 

0 

0 

0 

082 

Obolus 

* ■ , 8'20 . 

0 

0 

0 

S*20 

Drachma 

q V 4 5]'SO ■ 

0 

0 

2 

389 

Didrachma « 

. . • lOS'^S - 

0 

0 

4 

7-T8 

Tetrad rachma 

, , . 207'5& . 

0 

0 

8 

I5‘56 

Lesser mina of 75 drachms 3391'17 • 

0 

B 

2 

3‘71 

Greater mina nf 100 drachms * 

0 

10 

16 

5^03 

Lesser talent of 60 lesser 





minaj 

233506-20 

40 

6 

9 

JO-00 

Greater talent of 60 greater 





mifiEc 

. . 91134r8 . 

54 

0 

12 

13*8 


Smuan Weights. 






Gis^Tmy. 

Jib. 

44, 

d®l. 


The denarius 

, 5l*S> ' 

0 

0 

2 

3'89 

Ounce, rrmal to 

12 denarii . 415*12 * 

0 

0 

17 

1-12 

An or pound, equal to 12 





ounccit 

49S1-44 . 

0 

10 

1 

13'44 


* It msy be proper here te abeemi tliet tiicw tretghti were et iJie samp 
time money. 
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Crs^TrE}^^ hb. at, dwt* 

Another pound of 10 oii^nces 4151'^ - 0 S 12 2S'S 

The lesser talent . , 233506 20 * 40 6 9 10-20 

The greater talent , 311341’8 '54 0 12 13-8 

The above tables ate taken from a work by M-ChrisLiani, 
entitled, Delle Misurc d’bgni generc, antiche £ moderne, 
&c; printed in quarto, at Venice, in the year 1760* As 
this is an obscure subject, and as some dilTercncc prevails 
among the learned in regard to the value of the ancient 
weights, the translator has added the follouring tables from 
Arbuthnot, in order to render this article more complete, 

Jewish weighis reduced io EtigUsh Tr<^ wdgkL 

tj]j, 0/. dfvt* ^r. 

The shekel - 4 - * C) O 9 

Maneh . . . 2 3 6 10^ 

Talent , * . , 113 10 1 lOf 

The most ancient Grecian weights^ reduced to English Troy 

weight, 

lib. dirt* 

Drachma - . . > 0 0 6 2^ 

Mina * • * . 110 4^ 

Talent * * - • 65 0 12 5J^ 

Less a?icient Grecian and Iio7>ian weights reduced to En* 

gHsh Troy weights 




lib. 

4Z 

dv£. i^r. 

Lentes 

p 

, o 

0 

0 OtVs 

Siliqu^B 

A 

. 0 

0 


OI}Dlas 


• 0 

0 

0 9^ 

Scriptulum 

■ 

4 0 

0 

0 18-^^ 

Drachma 

w 

0 

0 

3 6^ 

Sex tula 

• 

. 0 

0 

3 Of 

Sicilicus 


, 0 

0 

4 13f 

Duella 

■ 

0 

0 

6 if 

Uncia 

* 

0 

0 

18 

Libra 


u 

10 

18 13f 
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Ti>e Koman ounce is the English avoirdupois ouuce^ 
'^vhich they divided into 7 denarii^ as well as 8 drachms: 
atid since they reckoned their denarius et^ual to the Attic 
drachmyi^thia will make tl»e Attic weights J heavier than 
the correspondent Kouian weightSp 

We shall hero observe, tliat the Greeks divided their 
oboJu$ into clialci and iopta: thus, Diodorus and Saidas 
dhHde the oboius into 6 chalci, and every clialcus into 7 
iepta; others divided the obolus Jj}to S chalci, and every 
chalcus into 3 lopta, or mtnuta. 


greater Alik wtigkts^ r^diijctd to ^oywAghu 


Libra or pound 
Comniou Attic inina 
Anotber inmu U’^ed in medicine 
The comituin Attic talent 


liU oz, dwt* gn. 

O ly 18 
on t Wy 
I 2 11 lOf 
5G II 0 17 + 


It is here to be roinarked, that there another Attic 
talent, said by some to consist of 80, c^nd by others of 100 
mina^ 4 , Kvery iiuna contains liM) draeimifr, an<l every 
talent 60 minai; but tlie talents dtllcr in weiglit, according 
to the cliflbreut standard <d the Jiachniie and uiinm of 
which they are composed. The ^alne of cl liferent mina: 
and talents, in English 7Voy weight, is exhibited in the 
following tables: 


Tuitie of diffi rem 


Egyptian mina 
Antioch ic , » 

Ptolemaic of Cleopatra 
Alex and ria n of Diosc o ri des 


Ifltp ifZ, 4l»f, grs, 

1 6 (> 22JS 
1 fl G 22JI 
1 6 14 1.6f^ 

1 8 16 


Taile of differcrU Takiits, 

^ lib, 0^- dwt. p'r£.. 

Egyptian - * • . 8<j 3 16 3 

Antiochic . « . .. 86 3 IS 9 
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hb* vZs dnt, p'. 

Ptaleinaic of Cleopatra . > P3 11 11 O 

Alexandrian .... lOir 0 19 14 

OfthoLilandb . . . 130 1 4 VI 

Antiochian .... 390 3 13 IL 

Mod(^m weights ^the priftcSpul cottnt7*ies in the worlds and 

partkularh in IHurope. 


Aleppo, the pounds 
called retaio 
Alexandria in Egypt 
Alicant . 

Anisterrlam 
Aiitwerpj and the 
Netherlands 

ATigtion 

I^aslc , 

IJayonnc 

Bergamo ^ 

Bercrhcn 

a 

Bertke 

JliJboa 

Bois-le-Duc 

Bourdeaux, sec Bayonne, 

Boorg 

Brciicia ; 

Cadiz 

China (the km) 

Cologne * 

Constantinople 
Copenhag^'o . 
Damascus 
Datitzic 
Dublin . 

Florence . 


50984-86 

* 

hU 

5 

02> 

4 

, dwl. gr. 

h 

] 1 0-86 

61S8-7+ 


1 

0 

16 

14'74 

6008-58 

1^ 

1 

*2 

7 

«3 

•P 

71S0-71 

4 

1 

3 

10 

20-71 

7048-Ij 

i- 

1 

2 

15 

4-15 

6^ ifi-ys 

p 

] 

0 

19 

O-SSJ 

7718-;jl 

A 

1 

4 

1 

9-31 

746t)-7l 

■■ 

1 

3 

10 

20-71 

466:)-57 

«■ 

0 

9 

14 

7-97 

1 l(>S9-5a 

* 

2 

0 

5 

19-52 

78;)3-n 


L 

4 

6 

9-17 

6721 •5;( 

- 

1 

2 

0 

1-53 

7't60-7l 

* 

1 

3 

10 

20-71 

7105-1-8 


1 

2 

]6 

1-48 

707:V£7 

4- 

1 

2 

14 

17-57 

4406-61 

m 

0 

9 

7 

8-61 

7038-21 

m 

1 

2 

13 

C-21 

9222*£)3 

■ 

1 

1 

4 

6-93 

7'220-34 


1 

3 

0 

20-34 

7578-03 

■ 

1 

3 

13 

18-03 

6940-58 

* 

1 

2 

9 

4-58 

25612-88 

- 

4 

5 

7 

4-83 

6573-86 

* 

1 

1 

13 

21-86 

7774-11 

■ 

1 

3 

19 

18-11 

5286-65 

■P 

0 

11 

0 

6-65 
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TABLE OP WEIGHTS* 

Gri. Tfoy» 

* , 442G'05 . 

Mb, 

0 

07 

9 

IJ? 

* dwt. 

4 J0‘05 

1 

* 

ft 

R63T8i 

P 

1 

1 

IG 

3*85 

Genrva , 

p 

V 

a401'43 

♦ 

1 

5 

10 

^'45 

lUinburgli 

* 


7314-63 


1 

9 

4 

13*68 

Koiii^sbcrg 

4 

ft 

.'j?68’41 


1 

0 

8 

J6'4I 

Leghorn 

p 

■f 

SMS-.';4 


0 

10 

14 

9'54 

Leyden . 

m 

■ 

7038'21 


1 

2 

13 

6-21 

Liege 

■ 

* 

7089-07 


1 

2 

15 

9 07 

Lille 



6544-33 


1 

1 

13 

16*33 

Lisbon 

i 


7003-39 


1 

2 

u 

21-39 

Lucca 

« 

■t 

5272-71 


0 

10 

19 

16*71 

w f Silk wei 

i Tow,, « 

gilt 

« 

G946-32 


I 

2 

9 

10'32 

'eight 

■ 

6431-93 


1 

1 

1 

S3'93 

Miwlrid - 

■ 


6544-33 


I 

1 

\2 

16-33 

Male SL sfe KavfjnnCi 
Marseilks 

■* 

6041-42 


\ 

0 

11 

17-42 

Mccblin, see Antwerp. 
IVIeltin 

■ 

4440-82 


0 

9 

3 

0-82 

Muftbina > 

4 


4S44-46 


0 

10 

1 

20*46 

Montpellier 

P 

« 

6217-.'5i 


1 

0 

19 

1-81 

Namur 



7n4''3-* 


1 

2 

18 

22-39 

Nancy 

P 

ft 

703S-2I 


1 

2 

13 

6-21 

N.tntes, set Jlayoinic, 
Naples 

■ 

4951-93 


0 

10 

6 

793 

Nuremberg 


P 

7870-91 


1 

4 

7 

22*91 

Parj^ 

* 

p 

7560-30 


1 

3 

15 

0-3 

Pjsa, stV' F'iorencc 
Revel 

ri 

p 

6573-36 


1 

I 

13 

21*86 

Riga 

■ 

■ 

6143-89 


1 

0 

16 

4-89 

Rome 


■f 

5257-12 


0 

10 

19 

1-12 

Houeii 

■ 

■ 

777)-(it 


I 

4 

3 

19-64 

Saragossa 

«• 

« 

4707-45 


0 

9 

16 

3*45 

Seville 



7033-21 


1 

2 

13 

C-21 

Smyrna . 

* 

* 

6544-33 



! 

■v 

13 

16-33 

Scettiu 


•ft 

€782-24 

-■ 

1 

2 

2 

14*34 
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Stockholm 

fiTfl, Trijy. 

lib, 

oie. 

dwt 

■ ef- 

r)21P45 * 

I 

7 

3 

19-45 

Strasburg 

727fj'll4 . 

1 

3 

3 

4'94 

Toulouse, and ij|i|^er 






Languedoc , 

6322*83 . 

1 

1 

3 

10-82 

Turin imd Piedmont, in 






gcEieral 

4931^62 - 

0 

ID 

5 

19-62 

Tunis and Tripoli, m 






Baibary 

71:^9*94 4 

1 

3 

17 

11-94 


42(.t'21 4 

0 

a 

IS 

15-21 

C greater do. 

082u'^.4 * 

1 

f> 

-u 

4 

I0-51- 

Verona 

5:37 r‘44 . 

0 

11 

3 

32-44 

Vicctiza \ • 

467^''jK , 

0 

9 

14 

30-28 

i trreatcr do. 

6.37f|'U5 - 

L 

2 

6 

15-0'j 


To reduce any of tlic welv'hts in ttic pivccdinjr tvible to 
English nvcttlvspoi^ ptHind-i, noUrnig >Mli be ncceJ^sary but 
to divide the grains Troy, in tiie brsL column^ liy 7000 - 


The Puri'i [jomulj poids ilo mark of Charlcmagncj con¬ 
tains 9316 Pans gramv: it is divided into 10 ounces each 
ounce into S grosj and each ^ oito 72 grainji*. It is 
equal to 751^1 KntfJLsh 'i'ioy grairM, 

The Faiglisii 'iVuy pounds ot J J omav^, ctfututuh^ 5760 
English g'ams, and is eqn,il to 70? 1 Paris grains^ 

The English averdnpois pound, el lo ounces, contains 
7000 EnglUl) Troy grains; and i.^j equal to 8 536 Paris 
grains- 

SKW ei.nN:cii wrusiiTs, 

lii3'4s Tj-<>y gmiips, 

Milligmmtuc * , - , '01544 

Ccutigiamme * . * - M544S 

!Dccigtaiume „ , , - 1*54457 

Gramme ... * 4 15*44570 

h 

^ Saiuftimc* the ginoa is divided uiio 3 den'ieri^ aud eirb denier iht4 
ffvnins. 
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Decagramme 

Hectogramme 


Troy 

1:4 

* JJU',57^U!i 


Cluliegramme , , . . 15 

Mynagrainmc . * • 13 U57'!J’ic?tjO 

A decagramme I'l 0 dwts. 10*15 grs. Troyj or 2, dr^i* 1 
scr. I4*i5 grs, apotb. uciglitj or Vu4i4 iltaoid, averdupois* 
A hcctogriiijiiijc js '> 07. drs. iiviii duj), 

A efkil iogiannoi" '2 3 nx. 4"87 di^, uveiv 

A niyrjdoratiime i\ 2'2 ib^* 1 o/. 0^73 drs* aver. 
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MATHEMATICAL 

■ 


AND 

PHILOSOPHICAL 


RECREATIONS, 


PART FOURTH. 

Contamiiig many curious Problems in Optics. 

The l^roporticf! of iii'ht, anci the plienomena of vJiiton, 

fhrm the object of timt part of the mi^ed mathciiiutics, 
called optics; indiich Is coiumoniy divided into four branchci^, 
viz, direct optics^ or visiori, catoptrics, dioptrics, and |K;r- 
5|>cctive. 

Light indeed may reach the eye three ways : cither 
directly; or after having been reflccti'd, or after having 
been refracted. Considered under die first point of view, 
it gives rise to the first branch of optics, called direct optics, 
or vision; in wliich is cxpiaiiied every thing that relates to 
the direct propagation of light, or by a straigfit line from 
the object to the eye, with the uiaiiner in which objects 
arc perceived, 

Catoptrics treat of the eficcts of reflected light, and the 
phenotnena produced by the rejection of light from sur¬ 
faces of different fortas; plane, concave, convex, 

When light, by passing through transparent bodies, iv 
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turneil aside from its direct course, which is called re-* 
fraction, it becomes the object of dioptrics* It is this 
branch of optics that explains the effects of refracting 
telescopes, and of microscopes. 

Perspective onght to form a [nirt of direct optics, as it 
IS merely a aotiitjou of the diderent cases of the following 
problem: On a given surface to trace out the image of an 
object in such a manner, tfiat it shall make on the eye, 
wJieii placed in a proper Citation, the same impression as 
the object itself—a problem purely geometrical, and in 
tvltich nothing is required but to determine, on a plane 
given in position, the points wliero it is iiitersecled by 
straight lines drawn to the eyo from every jmint of^ the 
object, Conserjueiitly, the only thing here borrowed from 
optics, is the principle of the rectitude of the rays of liglit, 
as long us they pii^s through the same medmm: the rest is 
pure geometry. 

Without confining ourselves to any other order than 
that of method, we >h,dl now take a view of the most 
curious problems and phenomena in this nitetcstmg part 
of tlie mathematics. 

On the natiAriTC of light 

Before wc enter into any details respecting ofitics, we 
cannot hidp saying a few words on the nature and proper- 
tics of light in general. 

Philosophers are still divided, and in all probability will 
be so for a long time to comt", in regard to the nature of 
light. Some are of opinion, that it is produced by an 
extremely fine and elastic fluid, in consequence of an un- 
dulatory motion communicated to it by the vibrations of 
luminous bodies which Is propagated circularly to 
immense distances, and with an inconceivnble rapidity. 
Light, according to tlihi hypothesis, is entirety analogous 
to sound, which, as is well known, consists in a similar 
undulation of the air, the vehicle of it* SevcTal very 
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ippeuiou^ reasons give to tbis opinion a considerable degree 
of proibabiiiiy, notwithstanding bonic physical difEculties 
fvbich it is not easy to obviate* 

According to Newton, light U produced from luminous 
bodies by the eiuisidon of particles highly rarefied, and 
projected with prodigious velocity. The physical dif¬ 
ficulties which militate against the former opinion, seem 
to serve as proofs of the present one; for the nature and 
propagation of Jiglit can be conceived only in these txvo 
ways. 

But, wltatcvcr may be the nature of light, it is proved 
that It moges with astouishjug velocity, since it is well 
known that it employs only 7 or 8 minutes in passing from 
the sun to the cartli; and as the distance of the sun from 
the earth, according to the best observations, is 
serui-diaiuctcrs of tiie latter, or about millions of niilcs, 
light moves at the rate of about two hundred thousand 
niUcs per second; at which fate it goes from the earth to 
the moon, and reiurtis from the moon to the earth, m less 
than 3 seconds. 

'I'lie jirincipal properties of liglit, or tliose which form 
tlie fuundation of optics, are the fohowing: 

1st, Li^fU in a Ihie^ as iv?ig as lY pasiC'^ 

^kraagh tk^: sa7Hif trajisparenf 

This property is a necessary cojibCijUL’nce of the nutuie 
of light; for whatever it iriiiy be, it is a body in motion. 
But a body moves in a straight line if nolhing obstructs or 
tends to turn il aside from hs course; and ii\> every 
thing in the same meditiin is espial in all directions^ the 
light whk'li passes through it must nio^'e in a straight lined 
coursti. 

This principle of optics, as well as the fullowing, may 
be proved by experiment. 

* 

2d. Z^ht, whtn i wit A a polished pianej is r^fiected^ 

fAc mglt Qf r^Jlectwi €^al to ike angle qf 
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inciknce; and ihe reflection alzuajf s takes place m a plane 
perpendicular to the rejiccting surface^ at the pe/hU of 
Tcfiectwn. 

That is, if ab (plats i 6;^, i) he a my of light, falling 
on a plans surface and if n be the point of reflection, 
to And the direction of the reflected ray bc, we must con¬ 
ceive to be drawn through the line An,a plane perpen¬ 
dicular to the surface pe, aiid intersecting it in the point 
B; if the angle cue in thi^ plane he then made equal to 
ABD, tljc line CD wiN be the reflected ray* 

If the reflecting surface be a curve, as rf b a plane 
touching that surface, must be conceived passing througli 
B, the point of reflection; the reflection will lake place 
the tiamc as if it ^vere produced by the point a; for it it 
evident tliat the curved surface and the planCj a tangent 
to it in the point n, coincide in tliat iufliiiiely stnall part, 
which may be c^msidered as a plane cnamtion to the curved 
surface and to the tangent plane; tlic ray of light there¬ 
fore ttiub^t be reflected from tin; curved surface, in the same 
manner as from the point u of the plane which toucliq^ it. 

3d* Lights iVi pasuiig ohlii{ii€}y from one '^ncdiuvi into aitioHicr 
of a different demit^^ is turned aside jrom its rectilineal 
dlrecimi^ so rijf to mdim to'wards the perpmdknt^Lr when 
it pants from a rare mediutn into one that is denser^ as 
frotn the air into glass or water; and vke ^^rsa. 

This proposition may be proved by two cj^perimeuts, 
which are ^ kind of opilcal illusions, 

EXeERlMEWT 1, 

Expose to the sun, or to at.y other light, a vessel abcd 
( fig* 3 ph 1), the sides of which are opake, and examine at 
what point of the liottom the shadow terminates* We shall 
here suppose that it is^t b. Then All it to the brim with 
water or oil, and it will be found that the shadow, instead 
of terminating at tbe point x, will reach no farther thau to f. 
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%4S 

TJNip'did«f«tke€ can arise only from the inflcctioji of the 
light sAf-which toixcbeii the edge of the vessel* 
Vfh^ the vessel » emptyi this ray, proceeding in the 
stfaigbt line pAEf the shadow terminate at the point 

s ;^but when the vessel is filled with a fiuid denser than 
air^ it^falU back to af. This tnfiection of a ray of Jighff 
in passing obliquely from one medium into another, is 
called Refraction.. 


EXPF.BtHENT tl» 

I- 

Place at the bottom of a resset the sides of which are 
opake, at g for example, (fig, 3 pL i)a piece of money or 
any other object,^ and move backwards from the ressel tiU 
the object disappears; if water be then poured into the 
vessel, the object will immediately become visible, as well 
as that part of the bottom winch was concealed from your 
sight. The reason of this is as follows; 

When the vessel is e(U[Ky, the eye at o can see the point 
c only by the direct ray oaq, which is ioiercepted by the 
edge A of the vessel; but when the vessel is full of water, 
the ray ci>j instead of continuing its course directly to e, 
lA refracted mto no, by diverging furdicr from the pur- 
peodicuJar This ray conveys to tlie eye the appear¬ 
ance of the point c, winch is seen at in the straight line 
on coLUinuedt the bottom therefore, in this ttasc, appears 
to be ruiied. For the sume reason, a straight stick or rml, 
when immersed in water, appears to be bent iit tlie point 
where it inects with the surface, unless it bo immersed in 
a perpendicular direction. 

PhUosepbuts have carefully examined the law according 
tQ, ^hich th|:i inflection takes place, anO have found that 
a ray, as ef (fig. 4 pK 1)^ parses from air into gUsr, 
l^acted iiitp rij io such e tuEiiDer, that the sine of 
le CFEAod tiiEt of DFi,are in ^constant ratio* Thus, 
ray be refracled into Fi, and the ray ev into 
the tJbm angle gi;g .will have the same ratio to the 
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iliie of urt/M'tWiliieof tbo anglo c#d 

TI4tf ratio, '^hen itra pamfrfroitt Airinto comiiM^|^)l^ 

Uiftt is std4 of 

vlrich tltO:ToA«e^ ray &Tm« wMr^f&l|pAid 
A& refracting substance^ h always t^ro thirds of tWstbe 
Cf the angle fonnod by the incident ray with the san^ 
perpondtcatar. 

It h to be observed, that when the latter ang)e> that it 
tba distance of the incident ray from the perpendlcatar^ 
wbkh is called the angle of inclination, it very smallj tba 
i»^)e of refraction may be considered as two thirde ot^ie^ 
bema^ small angles have nearly the same Tado as tbciir 
tinet. We here suppose that the ray passes fhmi air filtO 
glass for it is^woli known, and may be easily prated bf 
the table of sines, that when two angles are very small; that 
is, if they do not exceed 5 or 6 degrees, they are Senrfbfy 
in the same ratio as their sines* Thus, in the case above, 
the angle of refraction Trii, will be two thirds of the angle 
of inclination ova; and consequently the angle formed by 
the refracted ray and the incident,.continued in a straight 
Kne, will be one third of it. 

When the passage takes place firom air into water, the 
ratio of the sine of the angle of inclination, and that of tftc 
ingle of refraction, is that of 4 to 3; that is, the sine of the 
angle nvi is constantly f of the aine of opr, the angle of 
instillation, of the ray incident in air*' Consequently, when 
these angles are very small, they may be coziaidered as 
being in the same ratio; and the angle of refraction wifi 
be i of the angle of inclination. 

This proportion is the basis of all the caleulatiotM of 
dioptrics; and on that account ought to W wdl impri 
i£r|ha memory, FoV tbe'discovery cf it ire are 
^the ceirisrated Descattes; though it apjp^ars 
0B testimony of Haygetu, dmt a law of r^ractioO 
'cDnatant, and which hi fret Is the woe* was discDraM 
before by Wi&brod SneB, a Dotoh ' Hut 




when bftWctti^.lM 

Lficubtiwi «w HU^ 

fib«^tnwt. Ttm letfoed min did Qoc)i:ne«-w)i«t 

,vNld'M«c^wvNl ^k«r aatiiw) pUlaMt^t ^ • 

‘ '* t>ROStBH t. 

m a darkened room, exitmd Q^'eciSf ia tltfit 
cohurs tmd propariions^ 

^ » ' 

Sfcvt Ihedoor «id windows of the apartmenti in incite» 
WTKier^ that no light can enter but thfougli a iiiull 
hoV ve(rT in one of the wiiuloir thutter^t op|^ 

pile toaoiqe well frequented place or lasdAeape; then bold 
w white cloth or piece of white paper oppofnte to the hols^ 
and \( the cislernal objecta are stroD^y illutniuatedf wfd 
the room very dark, tliey wifi appear as if painteil on did 
ekrth or paper» m their natural colours, but iarerted, ^ 

The experiKnetit, performed in this simple manner, wiU 
mioceed welt enough to surprise those who see it for tJtc 
lirst tiuie^ but it otay be lendeted much more striking by 
mcan& of a len!>. 

Adapt to tile hok of the shutter, which m this case must 
be some tuchea in diaoieter, a tube hariug at its internal 
Mtremity a convex lens, of 4, 5, or Q feet focus; if apieee 
of white cloth, or a ^heet of paper, be then held at tkd 
di^iice from the glass, and in a direction perpendicular 
to the axi^of the tufie, the external objects will be painted 
en the cloth or paper, with much more distinctuess and 
tivactty of colounng, than m the precediog experiment; 
and in so accurate a manner, that the features of the 
feraon i«eii may be dibtinguishedMt This xpectacle is highly 
| 0 auiing, eapecinlly wlien a public pUce, a promenade 
^jd w4cfa p^ple, Slc, are exhibd:ed, 4, 

^ .^Sw^oting indeed it inverted, which deatreya a littte 
dMN ^fieet I but different x^ethoda may be empl<^ed to 
imke it appeat ia ila natund posiiioas it is however to be 
tegrettud ttat thti canaot be dona wHhotit iiguTing the 

12 
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dlatitictftefia, or teasening the field of the ptetere. 
whd'may be desirous of^beetng the obfeot^ ereet, iniitt 
proceed in the following manner: ’ 

At aboat half the focal drstance of the lene place a plane 
mirror^ incUnrd at an angle of 45°, ao that it may reflect 
downwards the raya proceeding from the lena; if yoiji 
then place borizofitally below it a ihcet of paperi the 
image of the external objects will appear painted on the 
paper, and in their natural situation to those who have 
their backs turned towards the window. Fig. 5, represents 
the tnechanisni of this inversion, of which a clear idea 
not be formed without some knowledge of catoptrics. 
The sheet of paper may be extended on a table, and 
nothing will be necessary but to dispose the glass aod 
mirror at such a height from the paper, that the objects 
may be distinctly painted on It* By these means a land* 
scape,or edifice, &c, may be exactly dcUneated with great 
easo« 


PROBLEM IT, 

, Zh construct a portable Camera Obscura. 

Construct a wooden box abco (fig. 6 pL 1), about a foot 
in height, as much in breadth, and 2 or S feet in length, 
according to the focus of the lenses employed. To one 
of the sides adapt a tube ef, consisting of two, one thrust 
within the other, that it may be lengthened or shortened 
at pleasure; and in the af^terior aperture of the first tube 
fix two lenses, convex on both sides, and about 7 inches in 
diameter, so as almost tu touch each other; place another 
of about 5 incliei focal distance m the interior apertiu^cj 
and at about the middle of die box, taken lengthwise^ div 
pose in a perpendicular direction a piece of oiled 
4H^«tretcbed on a frame: to tiielaat place, make a 
hole 1, in the side opposite to the tube, and 
Urge to receive both eyes. 

When you are detirauaof viewirig any objects^ tum^thr 




ttjltiki fiirnyhitA'mith tb« lini^, tomrd»tbcai^ and 

by tfrawhig^ ii out or pusbitig it in^ tiH tha ima^ 
the objects is painted distinctly on the oiled paper*' 

. fotlo^ring w the description of anotber easdem 

db^ra, Invented by Gravesande, and of which he gave 
an account at the end of his Essay on Perspective. 

Thiti fUatibine iff shaped almost like a hackney cbajr; 
th^ top of it is rounded oiF toivards the back part^and be¬ 
fore it swells out into an arch at about the middle of tta 
height. See plate tl dg. 1 , where this machine ia repre¬ 
sented with the side opposite to tha door taken off, in order 
that the interior part of it may be exhibited to view* 

1st. The board Aj in the inside, serves as a table; it 
turns on two iron hinges fantened to the fore part of die 
machine^ and U supp<>rte<l by two small chains, that it 
may be rabed to faeifttate entrance into the machine. 

To the hack of the macliiiiep on the outside, are af* 
fixed four small staples c, c, c, o, in which slide two pieces 
of wood dk, d£, ^ LnohL;s in breadth; and through these 
pass two otiier pieces, serving to kecjj last a small board f, 
which by their means can be moved forwards or back¬ 
wards. 

3 d. At the top of the machine U a slit FHO9, 9 or 10 
inches in length, and 4 in breadth, to the edges of which 
arc affixed two rules in the form of a dove tail ; between 
theifc slides a b(Kird of the same length, having a round 
hnle^ of about 'A inches diameter, in die nitddfe, furnished 
with a nUl, that serves to raise or lower a tube about 4 
inches in height, which haa a screw correfiponding to the 
iHih This tube is intended for receiving a convex glass. 
4 th. The moveable hoard, above described, suppottia 
box Xj about 7 anti a hatf inches in breadtir, and 10 
the fore part of which can be opened by a sinaH 
tn tiie back part of the*box tow&rda the bottom 
'da a square aperture n, of about 4 inches in breadth, wUob 
'trilii^ be shtte at'pleasure by o^moveublu board.' 
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Above thifl square aperture is a sl^t parkllel 
hdiizoD^ and which occupies tbe'fvhcite breadth ofthe^d^^ 
It serves for introducing into the box a plhne mirroir^ whltdi: 
slides between two rules so that the angle it 
the horizon towards the door bis or j-of ' 

' angle* ^ 

6 th* The same mirror, when necessary, may be placed' 
in a direction perpendicular to the horizon, as seen at 
by means of a small iron plate adapted to one of its sides, 
and furnished with a screw which enters a slit formed in 
the top of the machine, and which may be screwed fa^t by^ 
a nut- 

7th, Within the box is another small mirror ll, which 
turns on two pivots, fixed a little above the slit of No, 3, 
and which, being drawn up or pushed down by the smaU 
rod s, may be inclined to the liorizon at any angle what¬ 
ever, 

8 tb* That the machine may be supplied with afr,atube 
of tin-plate, bent at both ends, as seen fig, 8, may be fit¬ 
ted into one of the sides: this will give access to the air 
without admitting light. But, if this should not be suf* 
ficient, a small pair of bellows, lo be moved by the foot, 
may be placed beJow the seat, and in this manner the air 
may be continually renewed. 

The different uses of this machine are as foliow-, 

I, To represent objects in their natural sittiation^ 

h 

When objects are to he r^-preseuted in this machine, ex* 
tend a sheet of paper ^on tht; table, or rather stretc[jt:d cfi 
a frame, or you may employ a piece of strong card, and 
fix it in suUk a manner as to remain iimnovcuble. 

' In the tube o, (fig. 7) place a convex glass, the focus^^ 
which is nearly equal to the height of the macbtneid^l# 
the tAbk; open thebac;!;: pArt of the box x, AildhaVi^ 
^namd the mirror k, as we!) as the board F,iiUi the ru)^ 
]>£, incline the moveable mirror ll, tilt it mbke WitU the 



1^1 

^ of nearly 45\ if you Int^pd (o. repr^cot 
^ ^ a c.ojiMdcT^le distance^ aiid which form a iwt* 

[i|iUjBT ]i^Tkd9capep When Ihia b done^ at) those 

tranraiifc rays to the mirror ll, ho a9 to be re 
£bd^ on the convex wiil appear painted on t^lie 

paper frame: the point where the Images are most distinct 
Hiay be found, if the tube which contains the lens be 
lowered or raised^ by screwing it up or down, 

Sy these means any landscape, or view of a city, ftc, 
may be exhibited with the greatest precision, 

Ili 2b represent objects in such a manyier, as to make that 
which is on the ri^ht appear on the and vice versa. 

The box x being in the situation represented in the 
£gure, open the door b, and having placed the mirror b 
in the slit, and in the situation already mentioned No, 5^ 
raise the mirror X.L till it make with the horizon an angle 
of 22^ degrees; if the fore part of the machine be then 
turned towards the objects to be represented, which we, 
here suppose to be at a considerable distance, they will 
be seen painted on the paper, but transposed from right 
to left. 

It may sometimes be useful to make a drawing where 
the o>bjects are transposed in this manner; for example, in 
the case when it is intended to be engraved; for as the ^ 
impression of the plate will transput tfie figures from 
right to left, they will then appeix in their natural posi¬ 
tion, 

IIL 7b represent in succession all the onsets in the n^A- 
^rhoodf and ^uite around the machine^ 

J’lace ihe mirror n in a vertical positionj as seen in the 
and indine the mirror l at an angle of 45 degrees ; 
i{the former be tlien turned round vertically, the lateral 
^ecta will be seen painted in succestioii qn the paper, in 
ft very ple^iuuit tiwner. 
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It mmt here be obserred, that h will be neoeHteJ^^e 
cover the mirror u with a kind of box madoof 
open towards the objects^ and also towards the apetturesi 
of the box x; for if the mirror h were left csntrrely’^ex^ 
posed ^ it would reflect oij the mirror l a great many lateni 
rays, which would considerably weaketKlhe effect* 't 

IV. To represent the image paintings or prints. 

Affix the painting or print to the side of the board r, 
which is next to the mirror l, and in such a manner that it 
may be jlluini?)ated by the sun. But as the object in thU 
case will ho at a very smaJl distance, the tube must be far- 
nishiid with a glass, having its focal distance nearly equal 
to half the height of the machine above the paper: rf the 
distance of the painting from the glass be then equal to that 
of the giasii from the paper^ the figures of the patnting w'ill 
be represented on the paper exactlt' of the same sixe. 

The point at which the figures have the greatest dis¬ 
tinctness, may be found, by moving back wards or forwards 
the board r, till the representation be very distinct* 

Some attention is necessary in regard to the aperture of 
the convex glass, 

Xtj the first place, the same aperture may in general be 
given to the glass as to a telescope of the same length. 

Secondly, this aperture must be tliminished when the 
objects are very much ilium mated ; and vice versa. „ 
Tinrdly, as the traits appear more dUtitJct when the 
aperture is small, than w^hen it is large, if you intend to 
delineate the objects, it uill be necessary to give to the ' 
glass small an aperture as possible; but taking care not 
to extcnuiite the ligliL : it w'!I therefore be proper to hj««e 
different cinales of copper or of blackened pasiteboardi^' 
^bciemploy^ for altering the size of the aperture, 
ii)g to circumstances, _ ' 

A^abk.—O n the top of the Koyal ObservaloryiMkt 
G|?eenwich, is an excellent camera obficura^^capabte of 
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4 cMr 6 pcffions^ all Tiewing tfao eihtbitiott to* 
Js/^W the motiim of the gla^^es are «i»ily perforini*^ 
ed bj oeeof the persons within, bj means of attRohed rods'; 
■nd theimagies'are thrown on a large and smooth concaVe 
triktft^cast of piaster of Paris, and cnoreable op and down 
sh as to 0 Uit the distances of tho objects* 

problem III. 

To explain tkt nature of vision^ and its principal phenomena* 
Before we explain in what maimer objects arc perceived, 
it will be necessary to begin with a description of tiic won¬ 
derful organ destined for that purpose* 

The «ye is a hollow globe, formed of three membrariM, 
lA^hich contain humours of didercnt densities, and which 
produces in regard to external objects the same effect as 
the camera obsenra. The first or outeronDst of these metti- 
branes, called the Hcleroticu, is only a prolongation of that 
which lines the initide ol the eyc-hds. The second, called 
the Choroides, is a prolungiition of the fnembrane which 
covers the optic nerve, as well as all the other nerves. 
And the third, which lines inside ot the eve, is an ex¬ 
pansion of the optic nerve : it is ihis membrane, ef^- 
tirely nervous, which is tlic mgaii of vision ; for notwith-^ 
standing the experiments in consequence of wiirch this 
function has beoti ascribed to the choroidus, wo cannot 
look^lor sensation any where eJi^e than iti the nerves and 
nervou*! parts. 

In the front oi the eye the sclerotica changes its nature, 
and assumes a more convex form than the hall of the eye, 
' forming here w'hatiscalled the Traiisiparent Cornea. The 
^m^oroides, by being prolonged beE<n^ ilie cornea, mustne- 
leave a small vacuity, which lorois the anterior 
T-ipAbptacJe of the aqueous hutnoiii'. This prolongation 
'W the choroides terminates at circular aperture well 
ffcnowji under tiie name of the Pupil. The coloured part 
^whkb larrounds this aperture in called the iris or (Jvea; 



tH TUB HATUEB. Of 

i% is B woptibleof dUamion and coiitfactiloii, 49 
mp^sed to a strong lights aperturo.of tbei 
tracts^ and in a dark plaoc it ditates^ , cri 

. Thtt aperture of the pupil is suoilar ^ 
c«ax«ra obsoura. Behind it is siispendedf by a oir^ab^. 
ligament) a-^tramparoDt bcxiy of a certaicrconsistencoj ^o 4 
baving the form of a lens^t it b called the CrystalJiiH: 
Humour t and, in this natural camera obscura) per for mi 
the eame office as the glass in the ardfictal oneu 

By this description it may be seen that* between .the 
eoraea and the crystalline humour, there is a sort ofcham* 
bef) divided into nearly two equal parts, and anotbef 
tween the cryst&Uine humour and the retinup The first is 
fiUed with a transparent hutnour similar to water, on whii^ 
account it has been called the Aqueous Humouri Tfiia 
second chamber is filled with a humour of the same coiV' 
sUtence almost as the white of an egg: it is known by the 
name of the Vitreous Humour. All these parts may be 
seen represented plate 3, hg. 9; where a is the sclerotica, 
b the cornea, c the choroides, d the retina, e the aperture 
of the pupil, ^the uvea, A the crystalline humour, if the 
aqueous, kk the vitreous, and f the optic nerve. 

it is evident, from the above description, that the eye 
is a camera obscura, but more complex than the ardficid 
one before described, it may readily he conceived that the 
images, of the external objects will be painted in 
cd sttuatioUj^otk the retina, at the bottom of it; and tbi^ 
images, by affecting the nervous membrane, excite in the 
mind the perqjpption of light, colours, and figures. If the 
image be dis^p^and lively, the impression received by tfjq 
mind is the siw; but if tt be confused and obscurei.1^ 
percepUfp is confused and obscure aUo: thistsauffido9j^ 
proved by experiment. That such images really ^ 
may hfi easily shown by employing the eye of any aothl^ ' 
l^^as that of a ^eep or bullock; for if the back part dt 
It wi offs so as to leave only the retina i Atid 







be befofd tfie'hole et a caniMMi 
the vxtMal obj^ts will be Mn-paintad pn 
' flip rettoa at the bottom of it* ^ ^ ^ ^ 

dtttitbiiy bm be asked, since the ima^of tbo db* 
j^CfS are inserted;, how comes it that they are seen in their 
pt^bper position f This question can have no diflicuity but 
td^tbose who are ignorant of metaphysics. The ideas in^* 
Jifbd which we have of the qptight or inverted situation of 
objects, ip regard to ourselves, as well sia of their distance, 
are merely the result of the two senses, seeing and touch¬ 
ing combined. The moment trc begin to make use of our 
afjghti we eicpetience by means of touching, that the ob» 
jects which aihM^t the upper part of the retina, are to¬ 
wards our feet in regard to those that aifect the lower part, 
which touching tells us are at st greater distance. Hence 
k Cfttablished the invariable connection that subsists be^ 


tmen the sensation of an object which affects the upper 
pirt of the eye, and tlie idea of the lowness of that 
object. 

But what is meant by lowness? It is being nearer the 
lower part of our body. In the represcniation of any ob¬ 
ject, the image of the lower part is paiziied nearer that of 
our feet limn the image of the upper in whatever 
place the image of onr feet may be painted on the retinai 
this image is necessarily connected with the idea of in^ 
feHUrilty; consequently, whatever is nc.^-rest to it necaa^ 
EBfily produces in the mind the same idea. The two sticks 


of the blind man of Descartes prove nothing here, and Dea^ 
cartes would certainly have cn pressed himoclf in the sauie 
BSkfltler, iml be not adapted the doctrine^^jRimat* ideal, 
t^munbed by modern metaphysics, 




PROBLEM IV* 


Ajt artificial tyCffar exkiHtmg^ and ejij?laimtig 
J ^ aii the phcmmtna af wmmw, s 

V 

'TPJris'^riifaobhfe niay be easily constructed frcin the fdl*' 


lowing description* asde is a hollow ball of wood (fig^^ld 



ise 
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pi. S), 3 or If in forOied of twb TftS^ 

splteres jobetl tcvi^ether al lm, tincl in such k 
they can be brnugbt noarc^r to or siepamted 
other about; hall'au iiichp The segment Ad of the anlei^bt 
hemiapKcre i$ a gUs^s of unifonn thtcknesii, like that dfit 
watch* below which U a ciiajihriigm^ with a routed boitf, 
about 6 lines in diauicK-r, in the multile of it; f is a lens, 
convex on both sides^ supported by a diaphragmi and 
having Tts focus ec]ual to fc when tlie two hemispheres aro 
at their mean distance. In the hst place^ the part 
formed of a gla'ss of uniform thickness, and concentric 1o 
the sphere, the Interior surface of which, instead of bcihg 
polished, is only rendered smooth, sous to be selni-tTaitl* 
parent. Such is tlic artificial eye, to which scarcely afiy 
thing is wanting but the aqueous and vitreous humoUrs ; 
and these migfit be represented aliui, by putting into the 
first cavity common water, and into the other w'ater dhatred 
with a strong solution of ^alt, Eut for the experiments 
we have in view, this is entirely useless. 

This small machine however may be greatly simplified 
by reducing it to two tubes of an inch and a half or two 
inches in diameter, one tlirm^t into the otlier* The first, or 
anterior one, ought to be furnished with a lens of about S 
inches focus; but care must be taken to cover the whole 
of it except the part nearest the axis, which may be dohe 
by means of a circular piece of card, having in the middle 
of it a hole about halt a?) inch in diameter. The extremity 
of the other tube may be covered with oiled paper, which 
will perform the part of the retina. The whole must then 
be arranged Jp such a manner, that the distance of the 
glass from the oiled pape^ may be varied,from about^^ 
4 inches, by pushing in or drawing out one of the tijw* 
A machine of this kind may easily be procured by aTi;^"j$Qe« 
'and at a very small expence. ' 

Experiment L . 

j The glass or the oiled paper being exactly in the focua 
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ten#, if,machine be tamed towards very diitaat 
ol^ec^i they will be seen painted with great distinctness 
w,tbe'Vetina« If the machine be lengthened or shortened, 
bottom part be no longer in the focus of the lens^ 
the objects will be seen painted, not (n a distinct^ but in a 
confused maDner. 

j- 

Experiment II^ 

t M 

Present a taper, or any other enlightened object, to the 
machine at a moderate distance, sucli as 3 or 4 feet, and 
^use it to be painted in a distinct manner on the retina^ by 
moving the bottom of the maeJnne nearer to or farther 
from the glass; If you then bring t!ie object nearer, it will 
cease to be painted distinctly ; but the image will become 
distinct if the macliine be lengiheiied. On the other hand^, 
if the ot^eetbe removed to a considerable distance,it will 
O&stse to be painted dihtinctly, and the image will not be¬ 
come distinct till the machine is shorteticd* 

Experiment If I, 

A distinct image however may be obtained in another 
manner, without touching the machine. In the iir^t case, 
if a concave glas^s ije preaenleil to the eye, at a distance 
which must be found by ti ial, the painting of the object 
)vil) be seen to become distmet* In the second case, if a 
glass be presented to it, the effect will be 

produced* 

These experiments serve to explain, in the most sen¬ 
sible manner, all the phenomena uf well as the 

origin of lljofic defects to which the sight Usubject, and 
^ nicarib by which they may be reme Jiedv^ 

^j^ObjecL are only seen distinctly when they arc painted 
, manner on the retina; but when the couforma* 

■^ofi of the eye is such, tliat objects,^at a moderate distance, 
410 painted in a distinct manner, those which are q^ch 
nearer, or at a much greater dmtance, cannot be painted 
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whir diatinctimi. Id die £ua;t caie^.tbe 9F;dii(iiii4 
vision is beyond the retina $ and if it were 
efaonge die form of the eye, io aa to move thir redti^ 
ther from that point, or the crystaJline humour fArd]^ 
IroiD the retina, the objects would be painted in adisti^ 
manner In the second ca^, the effect is contrary; .d|0 
point of distinct vision is on this side of the retina} andj 
to produce distinct vision, the retina ought .to bo brought 
neai^r to the crystalline humour, or the latter uearff tp 
the retina. We arc taught by eaperim^t that ia «itber 
case a change is produced, which is not made without 
some effort. But in ^hat does this change consist? It .it 
iu a prolongation or fattening of the e^^e? or ia it in A 
displacement of the crystalline humour? This haa never 
yet been properly ascertained, 

III legard to sight, there are two defects, of a conttafy 
nature, one of which consists in not seeing distinctly any 
ol^ects but such as are at a distance ; and as this is geuer 
rally a failing in old pcirsons, those subject to it are called 
Presbyt®; the other consists in only seeing distinctly very 
near objects ; and those who have this failing arc called 
Myopes^ ^ 

The cause of the first of these defects, is a certain con¬ 
formation of the eye, in consequence of which the image 
of near objects is only painted in a distinct manner beyond 
the retina* But the image of distant objects is nearer tbah 
that of neighbouring objects, or objects at a moderate dl^ 
stance: the image of the tortner may therefore fall on the 
retina, and distant objects will then be distinctly seen, 
while neighlxjll^ng objects will be seen Only in a confused 
manner. 

n 

But to render the view of neighbouring objectsdutihi|^ 
^tbilig eJsc is imceisary than to employ a conveK 
gphto been seen in the third experiment: for a 
gin#, by making the rays converge sooner, brings 
ttnef image of the elects nearer; consequently it wfU 
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ft dh^nct picture,^ which ^^idicrwUe 
hfi'vie ftUen beyond it. ' ^ ^ 

■fn regard’ to myopes^ the case wilt be exactly the 
'Ar the defect of their sight is occasioned 

Of the eye which unites the rays too $oon^ 
ind causes^the point where the image of objects modet- 
rately distant ere painted with distincttiess^ to fall on thia 
ride the retina^ they will receive relief from concave glasses 
tdtifposed between the eye and the object; for these 
glasses, by Cauring the rays to diverge, remove to a 
greater distance the distinct image, according to the third 
experithent: the distinct image of objects which was be^ 
fore painted on this side the retina, will be painted dis¬ 
tinctly on that membrane when a concave glass is em¬ 
ployed* 

Besides; myopes will discern small objects within the 
reach of their sight much better than the presbyt», or 
persons endowed with common sight; for an object placed 
at a smaller distance from the eye, forms in the bottom of 
it, a larger image, nearly in the reciprocal ratio of the 
distance* Thus a myope, who sees distinctly an object 
placed at the distance of 6 inches, receives in the bottom 
of the eye an image 3 times as large as that painted in the 
eye of the person \vho does not sea distinctly but at the 
distance of 18 inches: consequently all the small parta of 
this olgect will be magnihed in the same proportion, and 
will become sensible to the njyope, wluie they will escape 
tbb observation of the presbytsc* If a myope Were in such 
aatate aa only to see distinctly at the distance of half an 
ineh, objects'would appear to him 16 as large as to 
|J#sons of ordinary sight, whose boiindary of distinct 
a: joiit 3 inches: his eyo would be an exceUent 
afetosoQpe, and he would observe iii objects what persona 
Ilf tirdinary sight cannot discover, yvithgut tlie aaristanco 
4Flhftt jnstrament. 
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FROS1.EH V. 

To cau^e an ohjectf seen near hand br ai i 

dtsiande^ to appear aiwaj/s of the same size. 

The apparent magnitude of objects,' epqry thing ebe 
being alike, is greater according as the image of the object 
pairrted on tbe retina occupies a greater space. But the 
Apace occupied by an image on the retina, is nearly pro¬ 
portioned to the angle formed by the extremities of the 
object, as may bo readily seen by inspecting fig. 11 ^ 
Bcquetitly it lb on the size of the angle formed by the ex¬ 
treme rays, proceeding from the object, i^'hich cross each 
other in the eye, tl>at the apQ^arent magnitude of tbe ob¬ 
ject depends. 

This being premised, let ab be the object, which is to 
be viewed^ftt different distances, and always under the 
same angle. On ab, as a chord, describe any arc of a 
circle, as acdb: from every point of this arc, as A, c, d, 
B,^the object ab will be ttcen under the same angle, and 
consequently of the same size ; for every one knows that 
all the angles having ab for their base, and tbeir summit]^ 
in the segment a cob, are equal. 

The case wilt be the same xvich anr other arc, as ao/b* 

wP r 


FUODLEU VI. 

Taw unequal parts of the same straight line being gheUf 
whether adjacent or not; to jind the paint where th^ wiO 
appear equal. 

On AB and Bc (fig. \2 pi. 3), ami on the same side, con^ 
struct the two snniUr isc'^celes triangles afb and dcc; 
then from th^*,centre F, with the radius fb, describe a 
circle, and from the point with the radius gb, descrih^ 
another circle; intersecting the former in d; the poiti|;A^ 
will be the place required^ where the two litkCA 
equal, ^ ^ 

For, the circular arcs as so and Bfco are, by coast||^^' 
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tion* apilar; and hence it foU(>ws^ that the angle at>b is 
etjual to BDCj as tl^e point d is common to hath the arcs, 

Remahks.— 1st. There are a great many pointSj such 
as D, which will answer the problem; and it may be de^ 
monstratedr that all these points are in the circomfcrence 
of a semi-circle^ described from the point i as a centrOi 
This centre may be found by drawing, through the sum¬ 
mits P and Q of the similar triangle^ AFif and bgc, the line 
FG, till it meet AC produced, in u 

fidi If the li nes As and nc form mi angle, the solution 
of the problem wdl be still the same; the two similar arcs 
dtiscrlbed on^AS and nc wjll nccoisanly iiiterioct each 
other in some point i>, unless they touch ni n; and tbb 
point D willj ill like manner* give tlic solution of the pro- 
blenu 

5d. The solution of the problem will be still the same, 
even if the uncf|ual lines proposed, ad and be (fig- 13 pL 
4), are not contiguous; ordy cave must be taken that the 
radii fb and cb, of the two circles, be such, that the cir¬ 
cles shall at least touch each other, IF a a = ir* :::::: r, 
be = bf and AO 4 ^ tlkit the two circles touch, 

each other, fb must be at lea'll =: 




ni+ 0^+ frf T- 
fiif 


t Of ia\/ 


ttf + id 

ffii 


and oh = 


flA + t + Af + 
uL 


^ 1 j 

or 


If these 


lines be less* the two circles will neither touch nor cut 
each Ollier, If they be greater, tlic eireJ^s will intersect 
each other in two;pointii* which will each give a solution 
of the problem. Let a, for example, be =r 3, 6 = 2, and 
£ 1: in this case Will be found ^ 1^4142, and 

^ when the circh'^ just touch each 

■ In tlie lust place, if we suppose three unequal and 


A coniideraUiC.' m the original hu bfitn herecometed, both hi th« 
^jgiiinicai QKpre»icn» m the ouUitial 
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ccntiguous ]meS| as ab^ cd (£g. 14 pi- 4), and if ^ 
point from which they shall all i^ppear under the 
aagle^ be required, find, by the first article, the citcur^ 
fcrence bef fee, from every point of which the lines 
and BC appear under the satne angle; find also the arc 
CEO from which BC and cd appear under the same anglej[ 
then the point where these two arcs intersect eacli othcif| 
will be the point required- But to make these two circles 
touch each other, the least of tlic given hues must be be¬ 
tween the other two, or they must follo'vv eac)] other in this 
order, the greatest, the mean, and the least. 

If the lines ab, do, and cd he not coutiguout^, or in on^ 
straight line, the problem becomes too difScuit to be ad¬ 
mitted into this work, Wc slul] thcrefarc leave it to the 
ingenuity of such of our rcudei^ have made a more 
considerable progress in llie inathcmatics* 

raOBLBM V!l- 

1/Aii Ife the Icngih of a parterre^ situated before an edlfce^ 

' the front of is cd, requhed the point in that fmit 

from which the apparent magnitude of the pafierre au 
will be the greatest (fig. 5 5 pi. t). 

Take the height ce a mcLUi proportional hetivccn cb 
and CA: this height will give the point quired. For if 
a circle be described through the points a, s, e, h will 
touch the line ce, in con^cqucucc of a well-known pro¬ 
perty of tangents and '^ccants. But it may be readily 
seen that the angle abb i- greater tb,^:i any oilier the 
summit of which is in the line cd; for the angle acb is 
less than a^b, Which is equal to aeb. 


PlJOBLliM viii* 

A circle on a Aumonfff^ plafie being it is require^ fa 

fjid the pttsifwn of fhc c^e where its hnage on the 
five plane will be sti}l a circle* ^ 

^ here suppose that the reader b acquainted 
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fimdanimtAl prrncipleof perspective repre^ntation^ which 
ctmsiBta ill supposiog averticaf transpaTent plane hetwe^ 
the eje and the object^ called the perspective plane^ 
rajrs are supposed to proceed from every point of the ob¬ 
ject to^tKe eye, if these rays leave traf^es on the vertical 
plane, It is evident that they will there produce the same 
eSbct on the eye as the object itself, since they will paint 
the same image on the ret^na^r The traces made by these 
rays are called the Perspective Image. 

Let AC (tig* 16 pi. 4 ) then be the diameter of the circle 
on the horizontal plane acp, perpcndicolar to the per¬ 
spective plane; QR a section of the perspective plan^ 
and PC a plane perpemlicular to the horizon and to the 
line AP, 111 which it is required lo find the point o, where, 
if the eye be placed, the representation ac^ of the circle 
Ac, shall be also a circle* 

If po be made a mean propurl-ioTial between ap and cP, 
this point o will be the one required. 

For, if PA he to PO, as po to pc, the triangles PAO and 
pco wih be similar, and the angles p ^o Jiui cop will be 
equal: the angles pao and ccq, or fao and rco, will also 
be equal; lieiicc it follows that in the MTiail trungle 
the angle at r wull be eqini] to the ungle oac, and the an¬ 
gle at o being cominun to the triangles Aoc and aoc^ the 
odicr twO; Aco and itiOj will be also equal : ao then will 
be to CO, fis £o to cu; hence the oblique l one Aco will be 
cut In a sub-coiJtrary manner, or rfub-coiitiary position, by 
the vertical plane and consequently the new section 
will be a circle, as is demonstrated in conic sections. 

PROBLEM tK. 

JVfy ts the irnitg^ of the Jiun^ which patse^ into a 

thrmgh a square or triangular hoUf alwi^s 

circular f 

This problem was formerly proposed by Aristotle, who 
gave A tevy bad Eoluttou of it; for he said it arose from 

M ft 
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the rays of the sun affecting^ a certain 
they Tesnmed n^hen they had surmounted the restraint 
imposed on them by the hole being of a diflferent figore* 
This reason is ent^ely void of foundation* 

To account foT;. this phenomenon, it must be q^erved 
that tlje rays poceeding from any object, ndiethelumin¬ 
ous or not, ivhicili pass through a very smalL hole 
a darkened chamber, form there an inmge exactly simtjar 
to the object itself; for these rays, passing tbroiigh the 
aame point, form beyond it a kind of pyramid similar t6 
the first, and having its summit joined to that of the first, 
and tvhiclr, being cut by a plane paratinl to that -of 
object, must give the s^ime figure but inverted. 

This being understood, it may be readily conceived that 
each point of the triangular hole, for example, paints on 
paper, or on tbe floor, its solar image round ; for every 
one of these points is the summit of a cone of which the 
solar dish is the base* ' 

Describe then on paper a figure similar and eejuat to 
that of the hole, ’whether square or triangular, and from 
every point of its pcriphcr}^, as a centre, describe equal 
circles: ’W'hilo these circles arc Miiall, you will have at first 
a triangular figure with rounded angles; but if the tnag- 
nitude of the circles be increased more and more, till the 
radius be much greater than any of the dimensions of the 
figure, it will bo observed to become rounder and rounder, 
and at lengtfj to be sensibly converted into a circle. 

But this h exactly takes place in the darkened 
apartment; for when the paper h held very near to the 
triangular hole, you have a mixed image of the triangle 
and the circle; but if it '#e removed to a considerable 
distance, as each circular image of the^un becomes 
very large, fe^ard to the diameter of the hbtetj^the 

S h sensibly round* If the disk of the sun' ^rere 
^'and the bole round, the image at a certain 
, for the same reason, be a square, oriti genaial of 
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t|^- iigure as tbo di^k, . The image of the maeu 
therefore, wii&n iuerea^iogj is always, at a sufficient dj* 
stance, a similaT cre&ccnt, as is proved by exp^ieace. 


PROBLEM X, 


^ r W -u- ^ .U- ^ 

to make an a^*ect which 2s tifo near i&e distijict^ 

^.^^perceivedf to be seen in a distinct vxa^vn^f without the m- 
Ur position of any glass. 


Make a hole in a card with a needle, and without chang-^ 
ing the place of the eye or of the object, look at the latter 
tbrfkugh the hole; the object will then be seen dibiinctly^ 
considerably magnified. 

The reason of this phenomenon may be deduced frpiu 
the following observations: When an objtrct is not dis¬ 
tinctly 8een, on account of its ncaniess to the eye, it k; 
because the rays proceeding from each of its points, and 
falling on the aperture of tlie pUjiiJ, do not converge to si 
point, as when tfic object is at a proper distance: the 
image of each point is a <»Liia)l circle, and as all the stnaU 
circles, produced by the diiTereut points of the object, en^ 
croach on each otlier, all distuietion i> destroyed. lJut, 
when the object is viewed through a w^ty small hole, each 
pencil of rays, proceeding from cacii point of the object, 
has no other diameter Uiun that of the hole; and conse^ 
ijuurJt'y the image of that point is coiiiiulcvably cooftnctl, 
in an extent which scarcely surpa'^scs dm mzc it would 
have, if tlie object wmre at the iiccc&sary distance; it must 
therefore be seen dibUnctly* 


PROBLEM xt, 

fVAm the eyes are directed in such a n^'/nner as to see a vmy 
objectf 0Jiy do 7uair objects appear doublej and 

■i The reason of this appearance is aafoAeIvs. Wh.^n we 

IccJt at ^ object, we are accustomed, from habit, 

the optical.axia of our eyes towards that point which w:e 
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pHncipallr consider^ As the images of btyocts.Krei in 
other mpectf, enlirely similar, it thence results JbfeOf 
ing painted around that principal point of the retLoa at 
irhich the opticaLaxis terminates^ the lateral parts of an 
object| those qj^^l^jright for e^ample^ are painte^peaeh 
eye to the loffnifpitat axis ^ and the parts on afte 

painted on of it. Hence there has been 

blished between these parts of the eye such a correspond* 
ence, that when an object is painted at the same time in 
the left part of each eye, and at the same distance from the 
optical axis, we think there is only one, and on the 
but if by a forced movement of the eyes we caite^^ie 
image of an object to be painted in one eye^ on 
of the optical axis^ in the other on the left, we see 
double. But this is what takes place when, in directing 
Our sight to a distant object, we pay attention to a neigh- 
bouring object situated between the optical axes: it may 
be easily seen that the two images which are formed in tbc 
two eyes are placed^ one to the right and the other to the 
^ft of the optical axis ; that is, on the right of it in the 
right eye, and oti the left of it in the If the optical 
axK^ be directed to a near object, and if attention he at the 
same time paid to a distant object, in a direct line, the con- 
trary will be the case. By the effect then of the habit, 
above mentioned, we must by one eye judge the object to 
be on the right, and by the other to be on the left; the tiro 
^cs are thus in contradiction to each other, and the ol^ect 
appears double. \ 

This explanatioti, founded on tho manner in which we 
acquire ideas by isight, is confirmed by the following fact. 
Cheselden relates that a i*^an having sustained a hurtin 
one of his cye| blow, so that not direct the 

optical axes ^y^s tu the same point, aa#^) etgaots 

doub^i||^ut^P^^nconvenieTice was not bstiug: 
fairair^jects gradually began to appear single, add tds 
ttg^'Was at length'restored to its natural stat&^ ^ 





■ IViiat tbiw place bene m regard to t(ie Bight^ talm pjafie 
in iS^gard to the touch; for two purta of^eboi^ 
which do not habttuah; correspond^ in feeling p/ieand the 
•ame are employed to touch |be same Tiye 

jaiagr^it to be doubJe. This is a expedmenti 

If oiiiraf the fingers be placed over and if aoy 

^all body, such as a pea for cxanipifj^ii^ put between 
theoi, <o as to touch the one on the right side and the other 
on the left^you would almost swear that you felt two peas. 
The explanation of this illusion depends on the same priiw 
ciples* 

PKOTiLr.M XII. 

To cause an object, smt dutincHt/f and without the interpo^ 
fit ion of any opake or diaph&n&us body, to appear lo the 
naked eye inverted. 

Construct a srruilJ machine, i^ucli as that represented 
fig* 17 ph 4. It coiisisti> uf two parallel ends, ab and 
joined together by a third piece ac^ hfdf an inch in breadth^ 
and an inch and a half in Jcugt/r* This may be easily don# 
by means of a slip of card. In the middle of the end AB 
make a round hole b, about a Une and j. half in diameter^ 
and in the centre of it fix the head of a pm, or the point 
of a needle, as seen in the figure; opposite to it in the 
other cud make a hole v with a largo pini If you then 
apply your eve to e, turning the hole >> towards the light 
or the ^lanie of n candle, you will see the fiCiid of Hie pin 
greatly magnified, and in an inverted position, as repre¬ 
sented at G. 

The reason of this Inversion is, that the head of the pin 
being exceedingly near the pupil of the eye, the rays 
which pr^iceed the point f are g^tly divergent, on 
Bficount^^ the hole r; and instead and in* 

verted image, there is painted at the of th^eye a 

kind of shadow in an upright position* 
images on the reti^ convey to the mind the ide» of up* 
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right objects: conseq^mly^ as this kind of imagek&p# 
rights it must convey^ ths mind the idea cif aii lAVerted 

ofcject, ", . - • 

ntOBLEM XITIp ' ' ^ 

^To cause an interposition of to 

disappear fm^^-Ttakcd tye^ when turned tasrards if 

For this experimciit we are indebted to ManoUe: Ati 
though the consequences he deduced from it have not been 
adopted, it ib no Jes^* singular^ and seems to prove a par* 
tiQuIar i4Ct in the animal economy. 

Fix, at the height of the eye, on a dark ground^ 
round piece of w'ljitc paper, and a little lower^jj^^e 
distance of 2 feet to the right, fix up another, of about 3 
inches in diameter; th^ place yourself opposite to the 
first piece of paper, and, Laving shut the left eye, retire 
backwards, keeping your eye still fixed on the first object: 
when you have got to the distance of 3 or 10 feet, the se-^ 
cond will cntirelj^.i^^^pcar from your sight. 

This phenomenon is accountoil for by observing, that 
when the eye has got to tlie above distance, the image of 
the second paper falls on tlic place where the optic nerve 
ia inserted into the eye, and that according to every ap¬ 
pearance this place of tfio retina do^ not possess the pro¬ 
perty of transmitting the impression of objects; for while 
the nervous fibres in the rest of the retina are struck di¬ 
rectly on the side by' the rays proceeding from the objects, 
they arc struck here alto;:cther obliquely, which destroys 
the shock of the particle of light. 


FHOBLGM XIV. 

disappear to once^ though 

each of 

a round pioce of paper, $n Inoli or 
a' little lower, at the distance of two 
ach side, make two marks; then placo yourxelf 








ilirect]^^oppo9tte lo tbc p&per^ and hold the end of your 
finger before your face m finch n^anner^ that whetk thA 
right eye is open, it shall conceal the mark on 
when the left eye is open, die markj^the 
difea with both eyes to die cQ^ll^aur filler, the 
Iap^t^^mi4:h'b not at all concealtwH^^iSoai cither of 
IT eyes, will neverthcleda dii^ippcal 
Thb experiment is explained in the same manner as the 
fornier; for, by the' means here employed, the image of 
the papev is made to fall on the insertion of the optic nerve 
of each eye, and Jience the disappearance of the object 

ntODliEM w. 



An cptkal game^ 't^kich proves tKht mtU OTie a person 
cannot jtuigi; weil of the dtstance of an objects 

Present to any one a ring, or place it at some distance, 
and m sach a manner that the plane of Jt shall be turned 
towards the person’s face: tlien shut one of his 

eycs.^and try to push tliroiigh it a crooked stick, of suffict 
ent length to reach it: he will verv seldom succeed. 

The reason of this difticultj may he i a^^dy given: it de¬ 
pends on the habit we have acrjiiired ot judging of the di¬ 
stances of objcctii by niOLins of both our eyes; but when 
we use only onCj we judge of them vejv imperfectly* 

A person with one eye would not ex[jcrience the satne 
difficulty: being accit.stouiod to make use of only" one eye, 
be acquires the habit of judging of distances with great 
correciness. 


rROBLKM xvr. 
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person bfjrn having rccovered.i^i^^e of his sight s 
if a 1^^ and S‘'cubc which he has 
the /omS are presented to Aon, 
view without the aid ^touchingto teU^Mch 
, and which is the globe f 




no 


CfcPTrCAL PlO?B»TTE*» 


This IS the famous problem of Mr.Mo1yiieuz,'t^Mch‘lM 
proposed to Locke^ wliioh has much exerdsed tAein*^ 
metaphysicians^. 

cej^ rated men thought, not without roftsOfl^ 
and the opinion) that the blind maAS^n 9t^ 

qiiiring the ^ght, would not be aUe m distin- 

guish the cubwfl^im'the giobe, or at least without the ih 
of reasoning; and indeed, as Mr. MoJyneux said, tfaoP^ 
this blind man has learned by experience in wlmt manner 
the cube and the globe alFect his sense of touching, he 
does not yet know how those objects which affect the touieh 
will af^t tile sight; nor that the salient angle, 
presses on bis hand unequally when he feels 
ought to make the same impression on bis eyes that if does 
on his sense of touching* He has; no means therefore of 
discGunng the globe from the cube. 

The most he could do, would be to reason in the follow¬ 
ing manner, after carefully examining the two bodies on 
all sides: On whatever side 1 feel the globe," he would 
say, “ 1 faid it absolutely uniform j all its faces in regard 
to my touch arc the same; one of these bodies, on'wbaU 
ever side 1 examine it, presents the same hgure, and the 
same face; consequently it inust be the globc/^ But is not 
this reasoning, wbicb supposes a sort of analogy between 
the sense of touching and that of seeing, rather too learned 
for a man born blind P It could only be exjKcted from a 
Saunderson. But it would be improper here to enter into 
further details respectii^g this question, which has been 
discussed by MolyneuXt i.uckc, and the greater part of tike 
modern metaphysicians. 

What was q^iserved in regard to the t^Uiid man, restored 


to siglit by ttie 
the justness 


crated Chese)dcn/li|^siflce confirmed 
tolutioii given by Locke Moly^ 


lietix.* 




inan, who had been born blind, recorered hk 
impresaona he experienced, immediately after 






ac- 

rom anotber* 
as^ 'vrhich af* 


tbe opefattotv^v*:jne care^Mily observed j and the foUoffiTtg 
is aaooiiat of ibeai« i ^ 

When he began to tiecf he at first imagined 
jeptti-tloucl^ hta eyes^ as those with ^hicli 
^|aij]|^l|L by feeling touched hifi skin. -^Ss^tiew 
and wa^npapablo of dietinguishing ol 
#* had an idea that soft and pohs 
f^ted his sense of touching in an agreeable manner^ ought 
to effect his eyes in the same way ; and he was much sur¬ 
prised to find that these two things had no sort of coimec- 
tion. lo shorty some months elapsed before he wos^ able 
t^gdjteinguish any form Jii a painting ; for a long time it 
to him a surface daubed over with colours; and 
he was greatly astonisliod when he at Jungtb saw his father 
jn a miniature picture: be could ^ot comprehend how so 
large a visage could t)c put into so hmall a space; it ap^ 
peared to him as impossible, sayt^ tlie author from whom 
ttiU account is extracted, as to put a cask of liquor into a 
pint bottle^ 
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PROBLEM XVII. 


n ctmsiructa m&chine vj ‘which an^ what~ 

ever ma^ be ddmcuitnl in pcr^citve^ bt/ any perwn^ 
thnugk unacquuinted with the rules of that seietice^ 

The principle of thU inadiine cotislsrs in making the 
point of a pencil, which cnntuiuahy pruv.es against a piece 
of paper, to describe a hue parallel to that described by a 
point made to pass over ilie outlines of the objects, the eye 
being iu a fixed posipon, and looking through an im* 
moveable sight. 

i ..Theijgiite T,T,T,T (fig, 13 pL 5), lupported iu a per- 
pendiciu^ by the two pie^^j^f wood sg, so, 

passing l^ugb the two lower cornei^^l^^ is adapted for 
receiving a shnet of paper, on which Sets are to be 
traced out in pewpectivc. The paper if^exteit^^^Sl^jt, 
^ kept in 'tbnt portion by being e.wen(ed av tSeiifont 
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££ is a crro6$ bar perpendicular to tliotwii^pi^eea 
and haviff^ at iin extremity another^ pieqo %0j 
n an axi^ at k. The latter ^erres tp.^seppart 
^dicuW rod dc^ bearing a inoreable sight B4^t,t{} 


The piece np is mo’^i^ble, and ita ext Amity p 

is furmsbed slender pointf terminating in a 

buttto.. Near its two extremities are fixed two pirffcys, 
under winch pass two small cords uh: these two cords 
arc conveyed over the pulleys fixed at the corners 
T» T of the fratnei and then around two horizontal one^ 
fi, R: by these means they fall on the other s^iy i 
fntme^ where they are fastened to the ive%ht Q^l^lch 
moves in a groove, >^o tliat when the weight q rises or folls^ 
the moveable piece of wood m p remains alivays in a situa¬ 
tion par^ dici to itselfi 7'hls piece of wood ought to be 
nearly io.cqmhhrLum with the wxight^that it may be easily 
moved, when it is neecsi^iry to raise or tro lower it a litUo: 
in the middle of it.is fixed the pencil or crayon )• 

It may now be readily conceived that, if tbeeyj^b^.ap- 
plied to the bole a, and if the moveable piece of w£(bd K? 
be moved w^itb the hand, in such a manner as to make the 
end p pass over tlic outlines of a distant object, the point 
of tlie pencil t, wdll iicoesiijiriiy describe a line' parallel 
cq^ual to that described by the point p j and consequently 
will trace out on the paper u, o, against which it presses, 
the image of the object in exact perspective. 

This machine was indented by bir Christopher Wren, a 
celebrated mathematician., and tlie architect who built St. 
Paul's* Put if it be requirtxl to trace out any object what¬ 
ever, according to the rul s of perspective, the very simple 
means de;)crib^4^ following may bo em* 

ploy^, 
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Ahofhtr vutM^ to'AwA a jwfrjw* tmy represent mo^eci 



' ^ wdki^ (my kfuyo^edg^ ^ the prine^ti^tf 

''This method of representing nn object in 
re^i^, in the same manner as the fi|ecedil^^K fe* 
qwnti^c with the rnles^ of the art kinoW 

c^ihe employed b nmclS^simpler; a coo-* 

iWerable'degree of espertness in the art fcf drawing, or at 
enough to be able to delineate in one smali ^ace 
ivfiat is seen in another. 

To put tills method in practice^ construct a fraEjTe of sucli 
a size, that when looking at the object from a determinate 
hhay be oontained within that frame. Then fix 
the of the eye before tlie framoj and, in regard to ifs 
plane, in whatever manner you think proper. The best 
position fat the eye, unless you intend to make a drawing 
somewhat fantastical liy the position of the objects, will be 
in a line perpendicular to the plane of the ffifee, at a 
drsbkncc nearly equal to the breadth of the frame, and at 
the height of about two-thirds of that of the frame. This 
place be marked bv means of a or holc| about 
two lilies in diameter, made in the miJdio of a square or 
circular Tcrtical pla[]t% of about an IjicIj or two in breadth. 
Then divide the field of the frame into ijqu.ircs of an inch 
or'two ill b}^ means of threads extended from the 
sides, and crossing each other at right angles* 

’ Theit ]provide a piece of paper, and tiiviJe it, by lines 
drawn with a black lead pencil, inio the same number of 
Squares as the frame* When these preparations have been 
Kitldb, nothing is necessary but to apply your eye to the 
sight above mentioned, and to draw in each square of the 
paper t^t part otihe object observed m the correspond¬ 
ing Wjbar^ of thetifimc* By these jjou will obtain 

ail exact ^presentation of the object ; for 

it is evident that Lt will be delineated4ucH^Mt appears to 
tbe eye^and perfectly simiUr to the figure whidi^ii^otild 
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Mnaiti on anv transparent substaiice bn.tl» 

^jge, !F the i^sf^^j^ceding from each po&t of the 

eye, or the place of siglit, should JtrdCjCi 

object, or assemblage of 

trill IfSSrefore J^^presented in perspective wiA 
«cun^y. ^ ^ ^ 

Bumark*—' ne same means may be employed to dfi^ 
moDi^rate, in a sensible manner, uithout die least know¬ 
ledge of geometry, the truth of the greater part of the 
rules of perspective^ for if a straigfit hoe be placed be¬ 
hind the frame, m a direction perpendicular to its plRne^ 
you will see its image pass through the point of 
through that point of the plane of the which 

3{K>nds to the perpendicubr let fall from the eye on tb^ 
plane* If the line be placed honzontaUy, and if you caU^ 
it to make an angle of 45 degrees with tite plane of the 
picture,iyou wdl ^ee the image of it pass through one of 
those points called the poititf; of distance. If this tine be 
placed in any direction whatever, you will see its image 
concur with one of the accidental points. It i^lti'tbese 

*■ ^-r 

three rules that the whole of perspective almost consists* 

PEOnLBM XIX* 

Of the tipparenf magnitude cf the heave7i^ ’bodies on the 

horizon. 

It is a well known phenomenon that the moon and sue, 
when near the horizon, appear much larger tij^n when 
they are at a mean aiutude, or near the zenidi. This 
phenomcti^ni has been ihe subject of much research to 
philciphers; and some of them Jiave given very bad eje- 
planations of ^ ^ 

Those reason superHci^^, ascribe it to a 

very ^plerefraction; for if wedlock ob- 
say t^J^ i^l^rown piece immersed in wa4ter|i)t 
to be sensibly oiagnified. But every body Imowl 
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t^t the rajjTBi which proceed from the ^IcbiIaI bodies, 
perience d^^raction when they ezi|g|^fi|^mospbere^ 
tiifi eai^h> The sun and moon are meEHilEe tte ^ 
in watar* 

those who reason in this mannet^jlb not^^pPhatj 
if a cJ^n piece imcnjy^id in a de!is$:^l^diafn ^pear? 
isagniAeci to the eye iHuated in a mcJiuni, the 

contrary ought to be the case when the eye is situated to 
a dense medium, while the crown piece h inimprsed in a 
rarer* A fish wouldrsee I he crown piece out of tlie water 
much smaller than if it were in tlic water, But we ar^ 
pt^aced intthc dense medium of the atmosphere, while the 
niS^^ iuid sutj. arc in a rarer. Instead therefore of ap¬ 
pearing larger, they ouglit to appear smaller; and this 
indeed is the case, as is proved by the instruments ent- 
ployetl td^fneasure the apparent magnitude of the cel^ial 
bodies: these jnstrumeiihf stiow that the pcrg^dieulur 
diameter of the sun and moonj when the hbrison, b 
shortened about two minutes, wliieh gives them that oval 
form,jji^tty apparent, under which tliey often appear. 


Ti^catisc of this phenomenon miiiit therefore he wight 
for in a mere optical Uluston; and lh our opinion the 
following eKplanaiion is the ino^^t probable. 

.When an ^bjcct jjaints on tlie retina an image of a deter¬ 
minate size, the objt^ct ap[iears to larger, according as 
we judg*^ it to be at a gn-ater distant:and this is the 
tonsef^cncc of a tacit reaiiotimg pretty just; for an object 
which, at the distance of 600 feet, is pauited in the eye 
onder the diameter of a hue, must bo much larger than that 
which is painted under the sartic diameter, though only at 
the diBtanee of €0 feet^ But when the stin and moon ai-o 


on the horizon, a ^Itilude of interve»jp|[ objects give u* 
an idea of gieat ^stance; whereas wb^''they are near 
thez^ttlii as no object intervenes, th^ja(i^4wit to be'nearer 
' tti the former situation then tb^^^u^eiteite ^'ide^ 
df ivlai^ltude, quite different from what they do in tfe Hatter, 
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^We must how^t^r cc^n^t^ss that thU expfoi^iail ii ,Et# 

Realties. .. 4'^ 

SffR, ^Vfien we looKat the moon on the horizon through 
a tu^^^Jthrough the fingers bent if)to the foraiAsf une,^ 
the it auicafs to be much dj mini shed, though the 

fiiiger|^once^{m^jntervcnLiig in a very iihiperfect 

manner* ^d, often soc the iwfton ri m 1% behind a hilj 
at a email dishince, and on such oeea^^mns she appearj^ to 
be exceedingly large. 

These faetb^ which seem to ovoH^rn the explanation 
before given, have induced other philosophers to en¬ 
deavour to find out a ditferent one. The following pi^tbal 
of Dr, Smith, a celebrated writer on optiej^, 

The celcittia) arch does not exhibit to us the appearancsj 
of a hemisphere, but that of a very oblate surface, the 
elelfetion of wfiicJi towards the 2 Aimth Ii9^much than ita 
ex ten si wards the hori^uii. The sun and moon also 
appear mder the same angle, whether at the horizon or 
the zenith. But the intersection of a determinate 
angle, at a mGan distance from the samuiit, is leas than at 
a greater* The prqiection therefore of tlie siin anifpdon, 
or their perjjpective image on the celestial arch, is less at 
§ great distance from the horizon than In the neigbbour- 
Mod of it,^^Consequently, when at a dist^^O from^^ie 
horizon they must appear less than when they are ucarit. 
This explanation of the phenomenon is very specious. 
But may it not here be ashed* why these tivo images* 
though seen under the same angle, appear one greater 
than the other ? Are we riot still obligetl to have recourse 
to the for^j^ explanation Ibit for the sake of brevity 
wc shall leave the discussion of these two questions to tb« 
reader* 

It U^l^cienk^it it is fully demo unrated th^t thU ap* 

not produced by a larger image 
p^b^i^^on the regard to tlie moon, it is even 

sonrcwhat less} luminary * when on the horizon, 
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» farther fpm ws, by about a semi-diaSieter of thfe 
or a 60 ththan 'when &\\e Tery^Shtd^tlfrateJ 
the horjzoA* In short, this phenomenon is iggp 
optica] whaler tray be the capse, still 

very obscure, but in ouc^t^inion it scemaiilh^depentraKielly 


on 


the TOea of 



objects. 


j^reat dg^hec excited by hitenyening^ 


PROBLEM XX- 


On tkd conv£t^ging*^peamnc^ o/paralid row^ ef trees* 

The phenomcnorj which is the subject of tins problem, 
IS well Jenown. Every ptrtson must have observed, that 

j j ^ p 

when' at tJjc ^treniity of a very lonip walk, pLrntcd on 
each side with trees, the sides instead of appearing parallel^ 
as they rc^ly are, to converge towards tlve olhcr end. 
The case'w the satiric with t)»e ccitmg of a long gallery; 
and indeed when it is necess;jrv to represent tht^ohjects 
in perspective, the sides of the walk or ceiling must be 
represented by converging hues; for they are really Sb 
In tbc J^hH image or picture pajuted at the lioUotn of the 
eye, ^ ^ 

Other CO n:ji derail oils however arc iicccs.sary, in order to 
give a complete explanation of the plicnomciipn; for dt^ 
tho-apparent magnitude of objects is not irioajctrcd by the 
real nitgnitiulc of the imuges paintc<l in the eye, but is; 
always lbe result of the judgment forniLd of thoir dintance 
by the mind, combined with the magnitude of the image 
present in tlao eye, the sides of a walk are htr from appear-* 
ilig to converge with so muclt.^apidity, as the which 
form the image of them in tlieJ^crspcctivc plad^^or in the 
eye* M^dSmigucr 6rst gave a cooiph'^e,^explanation of 
what place o^this occasion: it is iss follows: 

As the celling of a long gidJcry eye, ^]accd 

at one extrcniitv of it, to become 6asc the 

same with a long level walk, tlie arc paihillel; 

the piano of that walk, instead of .shearing horizontal;, 
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soAna fltllL to rise. ' For the aart^e reason, as tin ttw 
^ore^ the vatei^^f^peata tiko an iiictinb^r||ma which 
the earth with an inundation* Some 
^ httfe acquainted with tSe principlcoof 
Idsopby, have c^p^idered tbi:; inchiiation as real, and the 
apparent sus^^^ipn of tlte a^Mtne and con^ 

titmtSS miracle* In like manner, iS the tmddle of an m- 
cneuse pUto wc sat it nsc around us, as if we were at the 
bottom of a very broad and shallow fannel* M. Boiiguer 
has taught us n very ingcmous metht^ of determining this 
apparent iticlinaticm; but it will b<f sufficient here to sajr 
that, to most men, it is about 2 or degrees* f 

l.et us then suppose two hotlzonul and^parall^rilnes, 
and an ineftned plane of 2 or 3 degrees passing below our 
feeU it is evident that these two hot^ontal It^s will ap¬ 
pear to our eye as if projected on ffiat inched plane. ~ 
But th^^projection on that plane will be two lines G0114 
curring in one point, viz, that where the horizontal drawn 
ftbm the eye would meet it. We must tlierefore ^ the^e 
lines as convergent. *\ 

It thence follows, that if, by any illusion peculiiti^jllb th<fr 
sight, the [)!ane where the parallel lines are situated, iii^ 
j^ad of appearing inclined upwards, should appear de¬ 
clined doTOWards, the sides of the walk-Would appear 
divergent. Tins Br, Smith, in lus Treatise of Optics, 
says, IS the case wuh the avenue at the scat of Mr* Nortbj 
in the county of Norfolk. But it is to wished that Dr. 
Smith had described. In a mor^paiimto m.tniier, the positioti 
of the pl*)€eis* 

Hoivevifr; ^hall solve^ccordiog to these principles 
another curiou^roblen , which has been much gejebrated 
among opticiarK^ 

PftOni,EM XXJ. 


^ ' 

In wflHftJr 

Aides of w. 
shall appear parilk^ 



e proceed to trace out on attnue^ 
setnjro^n one of its ertrent^tes^ 



nOBBLB 





other Ikies i these two^ij 
continued bacl^arcb 


^ mcUned pkne of ^two c^rce^ end a half^ 

and that Wj^niHel lines arc tracetfefipfct oft iS Froni 
eye^-suDpo»etvvo planes passing through these 
Vlffieh Sfeng contitinfei cut the liorizontai plaJh£|i^two 

will be ac^crgunrtj^hd if 
icct behind tli^^^pectator. 

Nothing thesis nece^ry but to iincl thh point of con« 
currenccj which is very easy; for any one, iti the kast ac¬ 
quainted with geomtjtry^ miisL pciccive that it Jb tlicpoitit 
where a line drawn moogh the eye, parallel to the above 
inclined plane, and ift the direction of the middle of the 
avenue,. iheeU wjtli the lion;?:ontal plane* Let a lino tlicn 
mcJNldd to hori2:011 two or three degree^), be drawn 

through the eye of the spectator, and m the vertical plane 
passing through the middle of the avejme; tlie point 
where it nifeets the horizontal plane will bo that whore the 
two sides of the avenue must unite* If rrom^^]^ point 
therefore, two straight lines he drav^u through the two ex¬ 
tremities of the iiiitia.] bread til of the avenue, they 
tracefCttf^'^vhere nl) the trees ought to he plauted, so ns to 
appwiF'to form para I lei sides* 

If tlio height of the eye be hiijipo-i d erpiul to 5 feet, 
and the breadth of the commciicemeuL of the avenue ^ 
be/ 36 , the poiut of concurienee Mill In; loiiiid by culeu- 
Jation to be l()i l^aekwavd'i, and the angle formed by tin: 
sides ot the avenue ought to be about -S degrees. It is 
difficult however to behave, that wlju^h form so i^nsi- 
hie an ftngle wdl over appi^r paialld to an eye witfdn 
fbeii), in whatever pouit it ma^ be placed* 

Vf 

PROIlLIiM \XH. 

Tq piiiurc wkte/t^ acconltit^ /a the iside on which it it 

vt£wi^il, shail exhibit two dlfferaU subjects. 

Provide asuffieient number of jM^pl^qd^lat^rai prisms, 
a few- iitics only in breadth, andi^J^iSlgtb equal to the 
height of tbepfuiiting whidi you to uiuke,aud place 

y 2 


.v^ 
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piGWitE^. 


ithieTn all dose to eooti other od the ground 
painting* ^ ^ 
cut the pointing into bands equal to ea^of. tlve 
ikc(Sit3|fhe prisms, and cement thctnJiHii order^to roe 
cf tlic »me iiide^ ^ ^' .y, ■ * 

Wfien th\i> talce a pa|^^g qu^ dl^i^ent froth 

the Fortner, and having divided It'into b^mds in the same 
tnanner, cement tiieiu to the faces of tiie opposite side# ^ 
It il hence evident, that when on pne side you can 
only the faces of the prism turned tdSfrards that side, one 
of the pahjtings will he been; andiFthe picture be looked 
at an the oppo'^ite side^ the first wilt disappeafj 41^ the 
second only will be seen* 

A painting may even bo made, wliich v hen seeii in frant, 
and on the two sides, sltatl e^rhihit three different subjects. 
For this purpose, the picture of the ground must be ctEt 
into ami be ccjmentcd to that ground in such a 

manner, that a space shall be left between them, equal CD 
dib thickness of a very fine card. On theisc inter\^ raise, 
in a direction perpendicular to the ground, baiKlBffof the 
same card, nearly equal in height to tlic interval b^etweCn 
them j and on the right ffXes of these pieces of card cement 
the parts of a secorid painting, cut also into bands* In 
the last plabe, cement the parts of a third picture, cut in 
the same manner, on tlic left faces of the pieces of card* It 
is evident that when this picture is viewed in front, at a 
certain distance, the bottom painting only will bo seen; 
but if you stand on oric side, in such a manner that the 
height of the slips of card conceals from you the bottom, 
you will s^e only the picturt^'cemented in detachud portions 
to the faces tur^d towt^rds that side; if you move to the 
other Bid^ a thrird painting will be seett* 

"i?' XiJIl, , 

3V dUscribe an a f^e h distorted whlck wim stm 





jfrpwt a determinatef^^t shali appear in its ^'usCprcpar^ 
iions^ 



that u 

proper 




imw 

diajl appeal, beautiful 
This may bo cjgpe in 
Having dra^Si on a 



HiaTQV^Olfi 07 ri01{|tE9« 

H fof example as a Jbea^ may be disguU^ 
Lst||rted^ in such a manoer^ as (o cxbil^.aA 
lirhen tl}e plane on u'hich it lias 
front I biit'^when viev^ed from a certaih^iqiiit it 
that is to say in iujhst proportioQAb 
iloM'ing mano^: 

!ece of papefj in its just propor¬ 
tions, tbe figure you intend to disguise, describe a square 
aronnd it^ as adcd (hg^ pb azul divide it into several 
other small squares^, Vbicli may be done by dividing the 
sides into equal part^ for examplg_£cveu^and then draw¬ 
ing ;&jtMght hues through the corresponding points of 
div^on, as engraver^ do H'hcn they intend to make a 
reduced drawing from a picture. 

Then ^scribe, .pleasure, on the proposed plane, a 
paralfelo^arti ebM, and divide one of the two shorter 
sides, as bo, into as uic^ny’' equal parts as i}C,:j^pie of the 
sides ol the square Alien, which in thiy case are seven. 
DzvidOtjld^ otltcr side up, into two equal parts, tn the pj^t 
H, ai^dydraw from it to die points of division of the opposite 
side.M^ as many straight lines, ihq two last of which will 
be HE and no. 


Having then assumed at pleasure, In the £iidc bp, 
point t, above the point ii^ as the lioight of tiie eye above 
the plane of tiic pic Lure, draw from i to the point p, the 
straight hoc bi, which will cut those Ih:' s proceeding from 
the point H, m the points 1, 2, 4, c, ^7. Through 

these points of intersection dravv Ktraight lines paraild to 
each otlier, and to the base of the triangle^ €0U, which 
will thu^ be divided into as’thaiiy trapeziums as there are 
little a|uarcs In the square abc q. if the figure in 

the sql^'C ABCj> bo trsinsfcrrcd to die'"triangle euji, by 
making those parts of the outline contai|i^ in the dilTerent 
natural squares of abco, to |>ass |^||^gh the cm respond-, 
ing ti^apeziaais or perspective the figure will b? 

fbui)4 be di&tortcxl. But it seen exactly like its 



PBKSPECTIve D^Vlcin'. 

jifototypej that ia, as in the square abcd, vl^Sirej 

fh a hole Kt Which ought to be towfflPithe 
iutlf towanls the object^ ttiade^n a small 
^adeij^^rpendicnlarly in Hj so thcK the height ffic shi^ 
be equal to HCj ^which tnnvt ver In order 

that tlie hgurQ]^ay be more dij^^d picture. 

In tbe convent of the Mi mines 3e Ja Place RoyaJe there 
is a Magdalen at prayersi distorted in the same nnaimer, 
which ba>s some celebrity* It is tlic wipliJl of Father Nicerob 
of that orderj who frequently employed himself on this 
kind of o[iHca] amiiscnicnt, ^ 

Several other anamorphoses may he made in the^bamh 
manner, by painting, for example, on a Curved surface, 
either cjdindric, or conical, or npherical, a certain figure, 
which when Nccn from a dctorniinatO; point sjiall appear 
regular; but as this does not siicccetl well in practice as 
hi tbcoryf’ive think itiiiccdleAs to say anything further on 
the subject, while’ there arc i,o many others much more 
ous, Tliosc persons who arc fond of such^^optical 
curiosities, may consult la Perspective Curiense of^^^hcr 
Nlceron^ w'licre they vvill find the subject treated ofatfull 
Icfigtli. 


raouiiEM XXIV. 

gicdi/nlai^ral given; fa ^nd tke different 

parallelograms orreiianglesa/ 'whi'c/i it may be thcperepec- 
live rep rcsen tat ion. Or any paralklogram , 'u>h£t/ier rigAl^ 
angled ornot^ hemg^rjen^ to find its positim, and thai of 
the eyey 'a>Akk shall eo.isc itspm specthe representation to 
he a given'(tuudriltiteraL 

Let the givcit ^adrilfitcral be the trapeziutn (fig* 
20 pit 6) which Tve shall suppose the most irrogniaS^ possi¬ 
bly having noiM^f its skies parallel. Cotitinue the sides 
,^jS and CD, till theyjg|^|in f, and the sides jy> and bc, till 
they meet in e ; then draw ef, and through the point a, 
draw on, parallel to iv Whatever be the position of the 


BE VICES. IfiS 

pforid^^wbat is c&tled the poinkof sight be ia tba 
line <>nly in £f, but in the continuation of it M 

both object^ of which the qviridrilatcral 

p^^iectiye rep^eritstion, will be a paraUelo^in. 

For^ all peraonsj acquainted with the rales of Jpp^p^ 
drCj knoW%^^nes to each other on a horizontal 

plane^ when ^Icsen^nn perspective rffect in one point 
of the line parallel to the horizon, drawn through the point 
of si Thus, all tlie line^^ perpeTidicular to the ground 
line, meet in the pc^t of sight itself: all those which form 
with that line an ang^ of 42^, concur in whatb called the 
points qf.^tauee; and those which form a greater or less 
anglef concur in other points, whicli arc always determined' 
by drawing from the eye to the picture a line parallel to 
those of whiclj tJic perspective representation is required, 
AH the lines therk,"Vhich In the picture concur in poinb 
situated in the line of the point of higlit^ are, linages of 
homontal and parallel lines. Thus, ibe lines dtr'llie hori¬ 
zontal plane# which have as rcprci^cntutives m the picUtfe 
the and ad, are parallel; ami the case is the jinte 

with those which give the JiiicmI Mpages ab and nc. But 
two pairs of parallel lines neces‘^unly form, by their inter¬ 
section, a para 11c log ram. The obji ' t tlicn of which the 
qiudnlaicrAl abcd is the image, to aii eye situated in tlic 
lino VK, wherever the point of Mg I it may he, is a parat- 
Jqlogram. 

^Thisbmng demonstrated, we shall hri suppose that the 
required object is a rcctaoglc, Tu hud in this case the 
plapeofithe eye, divide tlie distance Fiiinto two equal 
parts in I, and suppose the eye situated in such a matiner 
that the perpendicular, drawn from its pluce to the paint- 
itig/Aall fall on the point i; and that the distance is 
equal to IF or if: the points f and i will then be what, ' 
in the language of perspective^ h calfM the pointy of 
di^nce, Coutinue the line's cb to o and h in 
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ground line; lined hcf ^nd asf will 1% 

4if the lines which form with the ground lino Tmybi rf 4^' 
d^ 0 cs. Tli 0 c&se will be the same with those f^whidli 
GC15 ADE are the ttnages. If thd'indefinite llSIfl flflfc' 
atkd Aiytnclined to the ground line at an angU of 45 de« 
grecs, be then di^awn on the otheri 

and in a contralry direction, the lih^s a^, inclined 

also at half a right angle, thei^e lines wilt necessarily meet 
at right angles, and form the rectangle \5cd. 

If the point of sight bo supposed in^ another point, for 
example b, that is, if wc suppose ahe eye to be directly 
opposite to the point b, UTid at a distance eqaealrto bs:, 
after drawing el and rM perpendicular W the ground 
line in the fdane of the picture, wc must draw to the same 
ground ihje, in tfic honzontal plane, the perpendicular 
Lji, equal to ek, and then the line nm, making Vith thi 
ground 1^ the angle lmn. If we then draw to the points 
o and A t^e indefimte perpendiculars a A and ok, and 
thj^ugh the points a and h the indefinite lines he 
mriCing with the grouud line angles equal to LiwrtJ^^hd in 
a contrary direction; these two pairs of lines w\\i mc^t in 

K,A9a'nd evidently form an oblique parallelogram, which 
will be the object of wliicli bcoa is the representation, to 
an eye situated opposite to e, and at a distance from the 
picture equal to ek* 

If the bides a 5 and cd, in the rectangle a^^, were 
divided into equal parts by lines parallel to the other sides, 
it is evident that these parallelftf being continued, would 
cut the line ag into as many equal parts. The cate would 
be the same with hneti parallel to a 5 and cd dividing into 
equal portions, the sides \d and be: the lino ah would 
likewise be dividied by theui into equal parts. Tliua we 
have the moans of dividiug the trapezium aeci>, if nece»* 
sary, into lozenges, which would be the fepToeentation of 
the squares into which oiight be divided*^ 
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m 

JpM hereaft&r the soludoffeof ft r^ry 4»rlQ^ 
p;ebled|if||piKgafil to ornamental gaideotAgi which ^ 
of the one here solved. 

iV 

OF PLANE HIUBOHS* 

Plane mi^o E te y e th^j^thc ri^Hecting; A:irface of which^ 
ill plane j case Witfi the comtnon mirrors n^d 

for decorating apartments^ Plane mirrors may Ue made 
also of metal. Of this kind were those of tlie ancients f 
but since the invention of glass, metallic mirrors are never 
used, except small upcs for certain optical instrumenUf 
where it:^ necessary to avoid the double reflection pro^ 
ducedby glass^onc from the anterior and tlie other from 
the posterior surface. It is the lattci* which gives the live* 
liest image; for if the bilvering be scraped from tlie back 
of a mirror, you \^ill sec the bright image immediately dia* 
appear, almost entirely, and that nliicli remains in its 
place will scarcely bccij^ual to that produced by tne nearer 
surfac^.. , ^ 

Bn^t-Th catoptrics, in general, thn two surfaces mrft 
mirror are supposed to be at such a small distance from 
each otlier, as to produce only one ifudgej otherwise the 
determillations given by this scicjico would require to be 
greatly modified. 

P VI on LEM XXV. 

A point of ike object n, and the place of the eye 
given i to Jind ike point f TeJiecttQn on ihe smfacf f et 
plane mirroi'^ (%. 21 pi* 6). 

’ Through b, the given point of tho object, and a, the 
pSace of the eye, conceive a piano p%3rpeudicular to the 
mirroi^ ^nd cutting it in the lino cb: J^om the point b, 
draw BDi perpendicular to cn, and continue it to f, so that 
jSf and bb sbali be equal: if through the points F and A, 
the line ap fib drawn, iiiteiiiSfectingcB in e, tlie point ^' 
will be the point of reRection: s|h will be the incident 







ta,y i KA the icflected my; and^^BO, the jUjglet of ine^ 
dense, and aec, the angrje of roflcctiuii, will‘lDi(p^ua)> 

Far it IS evident, by tbi; tioti^tructionj^ tljst th^ 

3E1I 4^ DEf di'c equril ; but tbe PBF an^^^Ecarc 

,aJao being vertical angles; therefore 

M ^ 

PROBLEM XXVI. “ 

rfte sarne supposition being mftde before; to fnd the pi&ce 

of the %uiagt of the pouit r. 

The place of the im^gc of the porpt b is ex^^'tly in th& 
point F« Blit wc shall not assign as tht* reoaiJt} wUtH is 
commonly given in books on viz, that in niiirors 

of every kind the piiicc of the is m tlit* continuation 

of the reflected ray, tv here it is loLerseuttui l>y the perpen¬ 
dicular drawn from the point of the object to the refleding 
surface: for wliat effect can this perpendicular, which is 
merely {It^aglnary, have to fix the image, in this manner, 
in point where it meets ivitfi the reflected ray con- 
ti^ed, rather than tn any other points This [^^cjple 
then is ridiculous, and void of foundation. ^ 

It is however true that, in plane mirrors, the place where 
the object is perceived, is in ihe paint where the above 
pcrperidicular meets with the reflected ray produced; but 
this IS accidental, and the reason is as follows. 

All the rays which emanate from the object B| and are 
reflected by the mirror, meet, if produced, in the point i : 
their arrangement tlicn, in ic^gard to the eye; is the same 
as if they proceeded from tlie point f. Couaequently 
they must make the same itnprc^iion on the eye, as if the 
object were in fj for tbe eye would not be otherwise 
a^cted if they really proceeded froui that point. 

Hence it may be concluded that, in a plane initror, the 
"object appears to be as far bebind^ as it is diatarit frpm the 
mirror. 

'* ' i. * 

It therefore follows, that at, the distaDce of the i^age 
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equal fo the sum the fay (#f iis^ 
deneej'atffli^lk the ray of reflection, since be and cf 

^ \ 

It' tHei»:e foHow3''aUoj that when the plane is 

parallel to tfie horizon, as cd, a perpeudicular objefct, such 

*“ iL 

as BD, must sdwar invited* 

In the last place, when \vc look at ourselves in a mirror, 
the left seems to be on the right, and the right on the left> 

riionLi:M: xxvii, 

Several plane vnrrvrA bcing^ given^ and the place of ike tyCj 
mtd Qfthecbjtei; to find the Course of the ra^ proceedit^ 
from the object to the when rejiected two, thee^ or 
fmir times. 

Let there lie twq mirrors, ai* and ct>, (fig. 22 pi, 6)j and 
let OFE b^thc! }iei’pt'ridicular, drawn from the object o to 
tlie mirror ae, ajid ecnitinued beyond h, so fe be 
equal to of; and let bui be the perpendicular drawn from 
the ey^,to the ini mil'CO, and coiitinaed till lu he equ^iti^o 
iis;. jom the points T and e by tfic line ei, which -will 
intersect the mirrors In a and k ; and if the lines oo, gk> 
and K 3 be then drawn, tliey will U’present the course of 
tlic ray, proceedin'^ from the point o to the e^’c by two 
reflections, 

t)r, from tlic point k, the first part of the construction 
remaining the same, let £lIIj on the ic^rior cu, the perpen¬ 
dicular ELM, and continue it beyond it, till lm be equal to 
LE ; draw the ilnc sm, intersecting cum m-, and from the 
point K, the line ke, intersecting ah in g : if go be ako 
drawn, the lines og, ok, and ks will represent the course 
of the ray proceeding iVona the ponit o, and conveyed to 
eye by two refleodons. ^ 

Th this case, the point m will be the image of the point 
o^and tlie distance sm will he equa^hto tlie sum of the rays 
KOj and GO, 

^ If we suppose three mirror^!, and three reflections^ the 
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tSft 

wbicli the incident rey pmrvv^^ m erdsF 'te' 
leech tbe eve^ tmy be fmmd in the same Fof 

this purpose^ let oi (fig. ^3 pi. *7) be tbe perpendtciiiw 
the object to the mi^W ab, and j^i hi U 
equal to ho. Ftom the point i draw ilc perpendicitlar tQ 
GB| produced if [U^ebRar}^ and.tnakc equal to Mil 
from the poitu k let fall on do produced tbe perpendicular 
EK, and continue it to ij so that ln shaJl be equal to KK: 
draw 3L, which will inLersecl cd in g, and from ifib point 
G the line gk, which wUI intcri>cct cb in if thedine Ft« 
intersecting ah in e, be then drawn from the point p, and 
aho the line eo, then iJio lino eo will be that according to 
which the incident rdy must fall on the first mirror, to 
reach to the eye b, after three reficctions at e, Pj and o. 

In this case the point l will be the apparent place of 
the image of the object, to uu eye situated in s; and tbo 
distance iiL will be equal to gf, fe, and bo, taken all 
together. 

The application of this problem is generally shown at 
tbe game of billiards; but as ive have alrea<ly treated that 
subject^ under the head nicchamcA^ the readier h referred 
to that article* 

’PllOBlBM villi 

rarwiis properlks of plane wiiVf 

K In plane mirrors, the image is always equal and similar 
to the object. For it may he easily demonstrated^ that as 
each point of tbe image st^ems to be as far within the mirror 
as the object is distant from 'tj each point of the image is, 
similarly situated, and at an equal distance in regard to all 
the rest, as in the object; the result must thcrerore tieccB* 
sarily be the equality and siniilarity of the image and 
object. 

II. In a plane mirror, what is on tht* right appears iff 
the object to be on the'Ieft, anti vice versa^ "’This may 
ea^Jy proved in the following manner. If a piece, ^ 



PLANS tilEll&Bi* 1^9 

k 

^SDinmMa mtttog be betd ^fbre a miFror, it eaimot be readi 
aa tbe oemkkal^ for example, will appear under 

dib ^fortn, LAREKEG*; but, on the other hand, if the 
latter be presietfted to the mirror GENEili^ will 

a|»pear* This aifordti the means of forming a sort ^ secret 
Wking; for ^Iv'e wriee from right to left, it eaniiot be 
read],by those j^orant of thu artifice; but those acquaints 
ed with it holding the writing before a mirror, will see 
app^r like common writhig. This method however 
must be employed for concealing secrets of great 
portant^, as there are few persons to whom it is not known^ 
nif In'a plane mirror, when you can sec yourself at 
full length, at TPhatover distance you remove from it, you 
will always see your ■wlioJe body; and the heiglit of the 
mirror occupied by your image will always be equal to the 
half of your heights 

IV« If one of tfie suites rayij be made to fall op a plane 
mirror, and if an angular inotLoii be given to the mirror, 
the ray will be seen to move with a double angular modem; 
so that when the mirror has passed over 90^, Uic ray will 
have passed over ISQ^, 

V. If a plane mirror be inclined tn a horizontal surface^ 
at an angle of 45*, its miuge will hu vertical* 

VL If two plane mirrors be disposed paroDel to each 
other; and if any oljjecl, sueli as :i iiglitcrl taper, be placed 
between them; you will see in each long series of tapers^ 
which would be extended in inhintuiij, did nol each image 
become fainte^ in proporlum as tlie ii-tlections, by w'hich 
they are produced, become more nuuuTOus. 

Vlt When two riun'OTHS arc disposed in inch a manoer 
M to form an angle of at least i2(y\ several images will be 


* Tllix 1 $ 4 tbe t^ter$ mdividu^iLly will be iiivr'rtod an welt AV^ 

thA iPoid,Hna In^Uaid of LABrENKG it will bJAJ91»?H3D» 

bji Irbh M usr thti ^rtifiCQ tliercfc^re for t ivHtioj; it uroitid 
nAoAiiary larart the of eath lecttir wpII as lU po«Idoo la the 
mrd# ^ ' 
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seen, According to the position ofthe eye* if dijOiftngle of" 
tfee mirrors be diminished, without changing "place of 
tbe eye^ these images will be seen to increase in xniiihber> 
as tf tbi^ emerged from behind an dpake body* 

Jt tnuk be observed, that all these imageid are m tbe CTr^ 
cuinference of a circle, described from ' 

mirrors meet, and passing through the [dace of 

Father Zacharias Traber, a Jesuit, in his NerV^ Qpljctls,^ 
and Father Tacqoet, in liis Optics, have carc(§j^ pi- 
amuied all the cases reuniting from the dL^ef3||r^^^gl^ 
of these mirrors, as well as from the pc^frmms of 

the ej'^e and the object- To these wc refer the reader- ^ ' 
VIU* When a litmineus object, such a< the tlamc of a 
taper, is viewed in a ptam* glass mirror of some thickness^' 
^veral images of tliat object are perceived ; the first of 
which, or that nearest the surfkee of the glass, is ksy 
bnlliant than the second; the latter is themoi^t briJiiant of 
the whole; and after it, a senes of images less and 
brilliant are observed, to ti»e number sometimes; of five or 
SJK. V_ 

The first of these images ifl produced by the anterior 
surface of the glass, and the seeo>id by tho posterior, which 
being covered with must produce a more Jiveiy 

reflection: it h therefore the most brilJiatit of- the whole. 
The rest arc produced by the rays of the object, whicii 
reach the eye after being several limes reflected from the 
anterior, as well as postemi, side of the mirror- This 
pbenomcijon may be explained as folio 

Let vx (iig. 24 pL 7) be tb^ tliickncss of the glass, a the 
object, and a the place of the eye, which we shall suppose 
to be both equally distant fi )m the nairror. Of ali the 
small bundlcsf of iijmlent rays^ there is one ae, which 
being rtrffScted by the anterior shtI&cc in n, is conveyed 
to the eye by the line po, and forms at a' first'image 
of therobject* Another, as ac, penetrates the glass, adA 
being refracted into the hue ci>, is wholly reflected 
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Dfi^ Dn account of the o^city of the fiogterior iide of 
msfror^^dli'being agaio jrefracted at e proceeds to and 
forms n( a'' [be liveliest image of the point 
Anotha^Hsmall buniJIe af penetrates also is re¬ 

fracted ^ng the line fo, and reftected in the dir^ion of 


^oni part of it issues, but cannot reach the 

^gjtfao^Qther ^rt is rcdecteJ in tfac direction and 
from which a small part is still reRectedt but 
tbe rert^ndfr issues from the glass and is refracted in the 
directi^^the line lo, by which it reaches the eye: coa- 
scqueiii^ it ptoduces the third image, at weaker than 


the other two. 


The fourth image is formed by a bundle of incident 
rays, which experience two refractions like the rest, and 
670reflections, vi;^, three from the posterior surface of the 
glass, anri two from ihe anterior. In regard to the hfth, it 
requires two refraction'', and hcven reheutioiiij, viz, three 
from the antenor sm face, and four from the posterior; 
and so of tbe rest. It may hence be eAsily conceived bow 
much the brightness of tbe luiagci must be diminished, 
and therefore it is very uncominon lo see more than four 

4 H 

or five. 


pnotiLi:M xjciTCp ^ 

__ " ^ 

Ib disfiose sfv^rai mirrors m such a ftianner^ that you can 
seeyourse^m tack of them^ a* the samt Huic* 

It may be readily coiiceivc<l that, to prtwliicc this effecti 
nothing is necessary but to dispose the mirrorji on the cir-* 
cumference of a circle, in such a manner, that they shall 
correspond with the chords of t^dt circle; if you then 
place yourself in tlie centre, you mW see your image in 
all tire mirrors at the ^inc t'lnei. 

■ H£WAEE.«-«-If these mirrors are disposed acenrding^ to 
the Bides of a regular polygon, of an equal tiunaher of 
rides, such a hexagon or ocuiron, which seem to be 
fUtest for the purpotief and if all the mirrors are perfectly 
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w^l fotdO imd of q^bifiet^ which 
appear of an iitiAiense <;xten^ and 
of it you place yourself, you wilt see your image^ and 
jofunei^ly.niiiltiplied. ^ ^ 

If this cabitiet be illuminated in the ineid^ a luatro 
placed in its centre, it will exhibit a ver^Mreeable 
tade, as you will se^ Jong rows of lights rawards 
side your sight is directed. 

PROBllvM XXX. 

To mtamrey vieans of rejkclion^ a m 
boiiom ^^hkh k in&ccesdh 

b 

We shall here suppose that k u (fig. pi* 7) the vertical 
height to be ineasuredj is that of a tov^er, steeple, or such 
like, place a mirror at c, iu a d^i^ecllon perf^tly hori- 
scOntal; or, because this is very diiHcult, and ah the least 
aberration might produce a great on or in tlie measure-^ 
ment, place in o a ves^iel containiug water, which will re- 
0ect the light in the same maimer as a mirror* The eye 
which recetives the reflected ray being at o, measure with 
care the height oi> above tlic horizoiital plane of the mirror 
at c; measure also do as well as cu, if the latter U ac* 
cessible, and fhen say: As. cb^is to CB to a 

fourth proportional ba, wincli will be the l^^^i^uired* 
But if the bottom of the tower be not aeces^le, to 
measure the height ar, we must proceed as follows; 

Having performed every part of the preceding opera¬ 
tion, except measuring cn, which by the supposition ia 
impossible, take another station, as f, and place titere a 
mirror, or vessel of wati^r: then taking your station in d, 
from whibh you can see the point A, by means of the re^r 
fleeted ray cc, tnea^ure cd and do* When this ia done, 
yoi; must employ the following pr^ortion: As the 
^'«iic^4)et^een cd andc^ is to cp, so is cc, the distance be- 
tV|B 0 ll the two points olf reflection, to a fourtll^rc^ortioikAlf 
^ 9 h will be the distance nc, bdFore unknown, ^ 
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When -0 t&Asik^ 

use the hi the Ito giTli 

We d(^ot consider thi^ operation as of 

iqijich accOT^f in practice* MethoSs purely geW^trical^ 
jpatruct ^t s are employed, ought at way a to^ be 
but w should perlians ha^ been considered 
asi* gdHty b^Sbi omission had we takeft no notice of this 
geomotj^ib^atoptric speculation, though it has never per^ 
hdps be^^pt^ practice, 

PROBLEM XXXI. 



7h inea^ura an imemsiile Seight by means of its s&a<h^. 

Fix a stick in a pcrpendicutar direction, on a plane 
perfectly horjzontal^ and measure the height of it hhove 
that plane, which we shall suppose to be exactly 6 feet^ 
When the auu begins to sink towards the horizon iti^the^ 
afternoon, mark on tlie ground xvhich fs accessible thft 
point c (fig. ph 8), where the shadow of the summit of 
the tower fails, and also tlie point c the extremity of the 
shadow of the stick erected perpendicularly on the satn0 
plane: at tite end of 2 hours, more or less, mark^ as' 
speedily as pCAiHhit^f die two points u and d,\vhich will be 
the shadows at that period; then join the 

two the shadow of the sum mu of the tower, by 

means of a straight line, and measure their distance ^ ^ 

KUTC also, in tike inauuei', the line which joins t&e twn 
points c and d of the shadow of the stick; after which you 
will have nothiug to do but to employ the Following pro* 
portion: As the length of the line cd which joins the two 
poin^ of the shadow of tlic stick, to the height of the 
stick so U the length of the line cn which joins tbotwo 
poiats.^f^ dtie shadow of the tower, to the height of ttiB 
toiv^ AB* , 

ft ruq]atr|s dli(y an acquaintance with the first pricifiiplai 
of gfeoDOetyy to bo able to pereeivq, merely by inspecting^ 

' VOL. II. ^ o 
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that;the p3rrEmids #adc and^Afitfcare conte* 

cjuently that cd is to ab as cd tojtBj 'itfaich. the height 

'«iAy%fti.p H-A J +j-fc T- .. 


required* 


1 


ji. '’• 

FBOBLEM XXXll, 




Of ^ojne tricicA kbids of iUusiont which mcy htperfmfi^ 

mtam tyf plane f 

Many curious t^ks, capable of astonishi^ tfiosVWho 
hare no idea of catoptric!;, may be performed by^^com- 
binaUun of.scveral plane mirrors. Some of these^We iihali' 
here describe. 


i> ' 




lat. To Jire a phtd over ifoUrT^hmiUder itnd kit a nmrk^ 
with as much cerlaifJty as f you took"aivi at it in the i^ual 
fnarmer. Fig. 31 pi, 8* 


To perform this trick, place before you a plane mirror, 
so disposed, that you can see in it the object you propose 
to hit j then rest the barrel of the pistol on your Bhqoider 
and take aim, looking at the image of the pistol in the glass 
as if it were the pistol itself; tliat is, in such a manner, 
that the image of the object may be concealed by the 
barrel of the pistol; it is evident that if the pistol be then 
Brdd, you w^l liit the mark, 

3d. 2b coiutruct a bo:^ in which heavy kodieSj^ck as a 
btdt'!^ leadf will appear ta ascend contrary t6fl^^natuTiil 
fneV^attion, 

‘ Coi^rnct a square box, as a sen (lig. 28 )j where one of 
the sides is supposed to be taken ofT^m order to show^ the 
inside; and fix in it a board hodc, so as to form a plane, 
some what inclined, with a serpentine groove in it of sqcli 
a 9 Lze, ^at a ball of lead can freely roll in it and descend. 
Then ^place the mirror hopi in an inclined pofdUbn, as 
'.eecD iiAhc figure, and make an ^erture opposite ^o it at 
it, in the side of the box, but so disposed that die i&ye, 
applied to it, can sec only the and not the 

itiblined plane ato. It may bp easily percci^ thatgthe, 
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image of thfeyiftpe^ VT^J hl^g, wilfl seem^tfiTlt)®, 
a]mdut vet^j^idkl^ and thpla tiody wljijjch rolls^JTr^ .o to c^ 
along^ the serpenti^ie groove, VfiH appear t6 » 

similar ditefection from o to l* Henuc, if tbc^irrcir is 
v^ry^cfeaif^i so as not to he observed, or if only a fkint 
hgiK bo admicted^tito the box, which will tend to eone^ 
the attifie^^e Ulu^on uilf be greate^^^nd tho^e not ac- 
qiiaLLited^itn the deceptiun wili^ hare a good deal of^ 
diffioulty to discover it. 

3d* '/^cons^uct a hex in which ejects shall ht seen 
ihrotigh one Ao/e, what were sem through 

anotheri though aVi both ca^^es tke^ seem to occupif the whole 
box^ 


Provide a square bov, which, on account of its right 
angles^ is the fittest for this purpose, and divide it into 
foul* parts, by partitions peipciidicular to the bottoljij 
crossing each other in the centre* To'these partitions 
apply plane mirrors, and make a hole in each face of the 
box, to look through; but 4ljsj>ased in such a manner, that 
the eye can see onl}' the mirrors upphed to the partidont^^ 
and not tlic bottom of the box* in eudi right angle of 
division formed, by the piiitiuons, phice some object, 
whicb,^^bcjug^ repeated iti tlic lateral mirrors, may forth a 
regular representation, f^uch as a parterre, a fort!ir]catioi]i 
or citadel, a pavement divided into compartments, ^c. 
That the inside of tiie box may be sutfiaently lighted, it 
ought to be covered with a piece of transparent p^ch** 
nientp 

It is evident that, if the eye be applied to each of the 
jsmair apertures formed ui the sides of the box, it Will* 
perceive as many different olijccis, which howevef"wi(l' 
seem t^^cupy the 'ii hole inside of iu Thu first will be a 
regulqr _^avtor|^ the second a fortification, the third'a 
pavement in ccimpartments, und tlie fourth some other 
object, 

o « 
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^ If fleverBl petsoDs look at tb^^ame tlmd lEvotigh tbaK 
bo}eS| aikI then a$k each otbeolhrliiit they saan, 
a scene hi^ly comic to those acquaint with the ^secret 
may as each will assert tl(kt he saw %.did^r^ 

ojbjecti 

1^MARK<—To render the parchmep^ employed for ‘ 
coTcring optical to^hines, such as^the above^ mare^aDa* 
parent, it ought tO be repeatedly washed inr a clear Jey, 
which must be changed each time t it U then to be care* 
fully extended, and exposed to the air to dry. 

If you are desirous of gif^Uig it some colour^ you may 
employ, for green, verdignsq^i$p^;in vinegar, with the 
addition of a little dark green ; for ted, an infusion of 
Brasd wood; for yellow, an infusion of yellow berries: 
the parchment afterwards ought to be now and then var¬ 
nished. 


4tb, /w a roo77i m the Jirsf fioor^ te set thme who approach 
the do&r of tkehouse^ without looking out at the wuukmy md 
without being observed^ 

Under the middle of the architrave of the window place 
a mirror, with its face downwards, and a little inclined to¬ 
wards the side of the apartment, so that it shall reflect to 
the distance of some feet from the bottom of the window, 
or on the bottom itself, objects placed before and near tbe 
door of the house^ But as tbe objects by these means will 
b« seen inverted, in which case it will be diliicuU to die* 
ttngiiisb them, and as it is fatiguing and inconvenient to 
tdok^upwards, 6x another plane mirror in a horizontal po~ 
aidon, in tbe place to which the image of objects is reflected 
l^y the first mirror. As this second mirror will exbitdi the 

g n their proper pohjtion, tliey can be better dUtin- 
They will appear however at a much 
, and as if placed perpendicuUrly on a phtnO;, 
&t inclined, and almost in such a amatioo as tbey 
^wDuU.be seen m if you looked dowpweurdfi from die 



,, wturnro mHibom. , H»T 

, . 

be^v^tfficient in to^ttiabH'ym t9 

distmgiibb diOM frith ^dm you itre acquainted;^ - 

^ Two ftiirl^a aftanged in thist manner are ra^e^eAted 
figp ^ ^ ^ 

Ozatiata, and others before htiUj who published Ma^e*' ‘ 
matical Recreations, propose by way of problem, tu^^bw 
a jealous hugbatid what hb wife b doii^^in another apart¬ 
ment To bore a boJe near the ceiling in the partition 
wall which separates two apartments, and 6x a horizontal 
mirror, half in the one room and half in the ottier^ to 
fleet by means of another mirror placed opposite to it, the 
image of what nnight^^^'place in one of these rooms, ii' 
ceitainlj an ingenious idea; hut there ii!i reason to think' 
that neither Ozanam nof his predecessors were jealous 
husbands, or that they hiu] a suignlar dependance on the 
folly and stupidity of the two lovers* 

^KOBLEM XXXill. 

To in^me objects^ at a considerabie distance, iy means qf 

plane mirrors. 

Arrange a great number of plane oirrtors, each about 
or eight ioehes square, in such a manner that the solar rays 
ndhxted from them may be unituit m one focus* It is 
evident, and has been proved by exfiericuco, that if there 
are a sufficient number of these mirrors, as 100 or LiO for 
example, they will produce in tiieir ;^ooimon focus a heat 
Capable of ifidamuigcombustible bodies, and even at aveiy 
great distance* 

This was, no doubt, the invention employed by Ardhk 
ivedca, if he really burnt the deet of Marcellus by meads 
of burning mirrors, we are told in iitstory ; lor Kircher^ 
when a- Syracuse, observed that the Uomau sliips could 
not baVip beeu at a less distance from the walls of the city^ 
than twenty-three paces* But it Unwell known that the 
foetid of a codbave spherical mirror is at the distance of 
half ita nAitfi; couicquentiy the nurroi employed by Arm 
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cbimede^ must hare been a portion of a of at least 

4S paces radius, the constnictio|i**)f whicfeE^rould beat- 
tended with insurmountable difficulties; Be^es^'Can il^be 
lielieve^that the Eonians, at so ^ort a distance, Voutd 
'have suffered him to make usse of his machine'without 
iSfit^rniptiou ^ On the contrary, would they not hare de¬ 
stroyed it by a sferwcr of missile weapons? 

Anthemius of IVallcs, the architect and dngineef who 
lived iitider Jui^tinian, is the first who, according to the 
account of Vitelho, concaved the idea of empfoyiiig plane 
mirrors for burning^; but ire ^re not told whether he 
' ever carried this method It. is to BuBbn 

that we are indebted for a proof 5f its being practicable. 
In the year 1747, this eminunt naturJist caused to be.con* 
structed a machine consisting of 360 plane mirrors, each 8 
inches stjoare, and all moveable on hinges in such a maiv 
ner, that they could bo made to assiime any position at 
]^1easnre. By means of thiti machine he was able to burn 
wood at the distance of 200 feet. BtifTonS curious paper 
on this subject may be seen in the IVTcmoirsof the Academy 
of Sflciences for the year 1748. 

Thiit the ancients made u^c of burning glasses is evident 
fVom a passage in a play of Aristuphaucs^culledthe Clouds, 

’ where Strcpsiades tells Socrates, that he had found out an 
excellent method to dclcat his creditors, if they should 
bi^ng an action against him. Ills contrivance that 
he would get from the k’wellers a certain transparent j^tone, 
which was used for kindling fire, and then, Ntaudlng at a 
distance, he \^ould hold it to the sun, and melt doiy^lhe 
wax on which tfic action was written- 

Tbe astojii'jhing phdosophico^military exploit of Archi¬ 
medes ^ay de^rve some farther notice. TJiat exploit has 
:beenrecuVded by Diodorus Siculus, Lucian,Dion^Zoanras, 

Gal/Anthemius, Tz^^tzes, and other anciqnt writera^''The 

. ■ % . 
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* Hhtoire de4 pr UofitaclOf i^p; 3^4^ 
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Account of TWUca U so p^rttouter, that it suggest^ to 
fetber Kircker the spmfic method by which Atohim^es 
probably e^cted bis pui^ose« ** Archimedlea/* says that 
author^ set tire to the deet of Mar cel Jus by|lk iMirnitig 
gtass^ composed of small square inirrors, moving a^veiy 
tray upon hinges; and which, when placed in the 
rays, rejected them on the Roman so as to reduce it 
to ashea at""the distance of a how-Hoot/’ This account 
gained additional probability by the effect which Zonaras 
asciribea..to the buruing mirror of Proclus, by whiph h«a& 
'firms, that the Heetof when besieging Byzantinm, 

now CoNstantinopl^jl^^m q^rly con:Bumed. But perhaps 
no historical te^tm^D1fv could have gained bclief^ to such 
extraordinary facts, if similar ones had not been seen in 
modern times- In the Memoirs of the French Academy of 
Sciences tor p. JlS, we read of a plane mirror, of 

12 tjbehes square, retiectiiig t»ie sun's ray;i to a concave 
mirror 1(5 inches in diameter, in the focus of wliich bodies 
were burnt at the distLiiice of €00 paces. Speaking of 
this mirror, father Kegnaidt asks, (in his Physics, vol. 3. 
disc. 10)„ “ What ^vould he the eifect of a nunibet of plane 
mirrors, placed in a hollow trunCiUed pyramid, and di¬ 
recting tht! sun’s rays to tt>c same point ? Throw thefocUs^ 
said he, a little farther, and you rc-dtveover or verity the 
secret of Archimedca/' This was actually elTected by M. 
Buffbn: fr> tlio year n47 be read the Academy an ac^ 
count of a mirror, winch he had curnpo^ed of an asscm* 

. blage of plane tmrrorti, which made iliesun's rays conwge 
fe a point at a great distance* ^ 

*r Of Sphdrktil Mirrors boih Concave ^nd Convex* , 

A ^pllerical mirror is nothing else than a portion of a 
•pbere, the surface of wEiich is polished so as to reflect the 
light io' a regular manner. If it be the convex surface that 
ia polished, It will form a convex spiierical mirror; if it 
be tho concave 6ur£ae«i it wiJl be a concave minbr^. 
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.^Vre.mnat bdn first obsenr^f .that frHoei 

any curved surface whateTtr) it will ba rfiflected 
lit satne manner as from a planfe toucbui|{^' tbe point of 
mir&^ wh^e it falla. Thus^ if a tangent be xkafwi^ 
be point of refiection to the surface of a iphericaj initw 
in the plane of the incident ray and of the centre, the 
ray will be rcf]cct«^making with that tangent an anglecf 
rofleotion equal to me angle of incidence* 

PROBLEM xxxiv* 

TAtf ptade of an object^ and tha^ ,tj^ihe <jyr being given s to, 
determine in a spherical mir^r^t^point of tefieetis^ 
emd the place of the image• ' 

The sobtton of these two problems is not so easy iare« 
gard to spherical as to plane ntfnor.s i for when the eya 
^d the object are at unequal distances from the mlr- 
ror^ the dctcripination of the point of reflection n^ltc^ 
aarily depends on principles which require the assistance 
of the higher geometry; and this point cannot beasaigiied 
in the circumference of the circle without employing one 
of the conic sections. For this reason, we shall omit the 
construction, and only observe that there is one extremely 
dimple^ in which two hyperbolas between their asymptote 
are employed: one of tliese determines tlie point of redec* 
tioD on the convex surface, and the second the point of re¬ 
flection on the concave surface* 

'It will be snfHcicnt for us here to take notice of 
property belonging to tins point. Let b be the objects 
(fig. 30 pi. 9), A the place of the eye, t the point of ref 
tion frem^tbe convex surface of the spherical mirror m 
the centre of which in c \ a'^to let fg be a tangent totbe 
point B.irfthe placp o£ the hues Etc and ac, which it meets 
ifty and let the reflected ray ae, wh^n prnduwtj 

imWte^Pthe line bc in h : the points h and t wtU 
sitiMed, that we shall have the following prdpQitkul 
80^'ta^tt) <018 ai to IH. ' 



^^l^Kb9,&anaKiciEr^^rf bb .prudocal^iili 
ir& »ML iiava^ ac ; l Ai i- i pvoporttaos^ 

be trw m the case of reflection from a coocaTO 

furfiu^, ^ < l^>r ;• 

^ In regard to the place cf the im^ge, optician* have 
admitted it a* a principle that it is in the point wbpra 
the reflected raj^ meeta the perpendit^^r drawn frdm the 
object to the mirror But thU $upp^ition> though it 
serves pretty well to show how die images of object* ate 
lean in convex, and larger in concave, than they are ia 
plane mirroni^ ha* no foundation in physics, and at present 
U considered a* ab^u^^^alse. 

A more phiJosopmc^l pnncipte advanced by Dr. Barrow 
is, that tlio eye perceives the image of the object in that 
point where the raysfqirifijing the small divergent buijdle,' 
which enters die pupil oF the eye, meet together* It k 
indef^ natural to think that this divergency, as Lt h greater 
when tlie object is near and less wlien it is distant, ought 
to enable the eye to judge of distance. 

By this principle aUo we are enabled to assign a pretty 
plausible reason for the diniinution cjf objects in convex, 
and their enlargctncnt in concave for the con¬ 

vexity of the former renders the T.'^ys, wbicJi compose each 
bundle that enters the eye, more divergent than if they 
fell on a plane mirror; consequently the point where they 
meet in the central ray produced, ir* much riearer. It may 
even be demon titrated, that in convex mirrors it is much 
oeareTi and in concave umch farther distant than the point 
^<;oiisic|ered by the ancients, and the greater part of the 
as the place of ilic image. In short, it is con- 
chttled titat in convex mirrors this image will be still mora 
contracted, and in concave ones more ^extended, than the 
anoioiits supposed ; which wilt account for tlie apparent ' 
enJovgemenl; of objects in the latter, and their dtmiiiution 
Ijj^he^fopjaer. 

' Wa miuit however allow that even this ptmciple h aU 



^ SE^lftlCTAL UlttfiOaS* 

tended >9ritbdifficaltieS| vrhicli Dr* E^rroir^ tb« aathdr bf 
it, does not conceal, and to tthkh he cpnfesses'he nefer 
saw a satisfectory answer, I'his induced Dr,'Smith,in 
his Treatise on Opdc$, to propose another^ but'we shall 
not here enter into a discussion on this subject, as it would 
be too dry and abstruse for the generality of readers. 


■thI 


rnOBLEM XXXV, 


The ^Tincij^al pro^^ertm of sphtrical hoik c&mex 

and conc<rot^ 


1st. The first and princip,*! property of convex mirrors 
is, that they represent objects^esa t%n they would be if 
seen in a plane min^or at the same distance. This may 
be demonstrated Independently of the place of the image; 
for it can be shown that the extreme rays of an object, 
how'ever placed, winch enter the eye after being reflected 
by a convex mirror, form a less angle, and consequbnily 
paint a less image in the rehna, Llian if they had been re¬ 
flected by a plane Aiirror, whieli never changes thatanglc- 
But, the judgment which the eye in general forms respect¬ 
ing the magnitude of objects, depends on the magnitude 
of that angle, aii^ that image, unless modified by some 
particular cause* 

On tbe other band, in concave mitrors it may be easily 
demonstrated, that tfie extreme rays of an object, in what¬ 
ever manner situated, make a greater angle on arriving at 
the eye than they would do if reflected from a plane tdtr- 


rorj consequently tbe appearance of the object, for tbe 
above reason, must be much greater, 

2d. In ii convex ndrrur, however great be the distanc^^ 
the objci^ its image ij> nevrr farther from the surface than 
half th^iiMius; so^haCa straight line perpendicular tevthe 
imTi:Qri,,were it even infimte, would not appear to eiMnd 
within the mirror, than the fourtli part of thetdia^ 
4 eneter of the circle of which it is a segment. 

' Blit in a concave mirror, the image of a line 





j ■ ^ 

.culftr tQ ibe mirror js «}w4ya loi^gec tbvQ tb& lino itiotf; 
9/od tf thiajtnft 1;]^ ^^ual to half the radiua, itS' itnago will 
j Appear .to-be infinitely prod u^dp 
, ,ddv.Jn convex Qiirrors the appearance of a curved ItnCt 
concentric ,to the mirror^ la a circular line also conceti^ric 


to the liiiirrar ^ but tht^ appearance of a straight Itue, or 
plane .surface, presented to the iiitr^, is always convex 
cm the outside, or towards the eve* 

In a concave mirror, the contrary h the case: the image 
of a recnhneal or plane object appears concave towards 
the eye. 


4 th. A convex pprror disperses the rays; that is to say^ 
if they fall its su^facf^ ^jafallel, it rcHects thejn diver¬ 
gent; if chcv Tali div^jggent, it reflects thejn still more di¬ 
vergent, dccording to difciiinstances* 

On this piopcrty, of concave spfjcncal inirrorsi is 
founded iW. u^c made of them for collecting the sud'iS 


rays into a small space, vvhefe llieir heat, increased ni the 
ratio of their condensation, produces aUcunshmg elTects. 
But this subject deserves to be treated of separately. 


PROBLEM XA\VI. 

Of Burnin;!/^ A/invrs, 

The properties of burning mirrors may bo deduced from 
the following proposition; 

. t 

If a ray of very near the t^ris a voncave sph^i- 

£al surface, attd paralbl to t/tai tur'i, tt tviil be refiected in 
. £U€ha7nanuer,as to meet ii at a distance frmn the mirror 
marly equal to half the radius^ 

J Por let ABC (fig. 31 pi. 9) he ihe concave surface of a 
well polii^bed spherical nurror, of nifljlch b is the centre, 
And the seini-Kjiaaieter in the direction of ifae axis; if 
be a ray ot light parallel to it will be reflected in 
H^'directron of fg, winch will intersect the diamuter bo 
ift^a.eertam pqint o. But the point o wUl always be nearer , 
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tq the durface ol^'the pirror than to the centre^ Fof if 
tfae''Tadtiid o? he draivQ, vre sbtfll bave^he angina *wb 
and OFO equal, consequently the aiigl^ pt-fi^ and ’feW' 
will also be equal, since the latter, on aeopunt c|F'*tbe 
paJ^tfel lines f£ and bo, k equal to bfe; the triafigle 
then is isosceles, and gd is equal tooF; but of ia alwaya 
greater than j^^nce it follows that do also b'greater 
than OB; the poTr^; therefore is nearer the surface of 
the ujirror than the centre^ 

But when tlic arc bf is exceedingly small, it b well 
kuown that the difference between of and gb will be \x^ 


sensible; conscqtientiy, in tliis cau^^ the point g will bo 
nearly in the middle of the ra(|ius4 " " 

This is confirmed by trigontfineWy ; for if the arc bf be 
only 5 degrees, and if w-e supposeroe semi-diameter PB to 
be lOOOOO parts, the line no wilt be 49309, which ditiers 
fcom half the radius but only, or less than 

It is even tound,tbat as long as the arc bf does not exceed 
IS degrees, thcdbdlihce of the point o from half the semi- 
diameter is scarcely a 66th part. Hence it appears, that 
all the rays which fall on a concave mirror. In a direction 
parallel to its axis, and at a distance from its summit not 
exceeding 15 degrees, unite at a distSficefrom the mirror, 
nearly equal to half the sumi-diameter. Thus, the solar 
rays, which arc sensibly parallel when they fall on this coici- 
cave surface, will be there condensed, if not into one point, 
at least into a very small space, where tlicy will praduce a 


powerful heat, so much the stronger as the breadth of the 
mirror b greater. For thi«: reason the place where 
rays meet js called the focuis, or burning poinU 

The focus of a concave mirror then is not a pointt it 


Tbs c^y^^tiap in rs easy. ili^ are sv beidf firm^ v« 

ti*M the «igl« Xi>r, as veil aa orOi vbich Is equal luit, mhldAit« 

CeqiminF W ItCF, wKu^b in the Gilpfileinent of thtir rnm tiro 

^gUt. bi the tnaiigla dgf then} we have glrea the tbre^ an|:Iet anti wh 
vis. ilS{;|^lik;h »the radiui^ and therefbve, hy a veij iimple ErifonomHUflSqj 
inal^iWq can 6itd tbe side iw or UF, which e^U to itn 





1^1 9orm 4 pnftil^y -^naibk inagimtiide*^ Thii% 
b^^,thq,poniqtitf a apbere of 6 feet 
fistm iaietf&Tt: of Sd degr^ 9 » wbifrb giv^a a bf^tfa of^^mex- 

three feet, iti» fecua ought to be about the^ 
4£tb of,that aiae, or betv^een l and d iines^ Tbe 

tbc^efer^^ which fall on a circle of 3 feet diameter^ 
tt|p moat part be collected in a circle ofayjiftmeter 56 times 
kss, and which oon^equenLly b only fl^ 136th part of tba 
apace or surfacei. It may hence be easily conceived what 
degree of beat aucli mirrors must prcKJnce, since the beat 
of boiling water is only triple that of the direct rays of the 
SHU, on a due sumin<^*& day. 

Attempts however have b^en made to construct mirtonip 
to collect all the rays of tlfe sun into one points For'thift 
purpose it would be ueS^sary to give to the polished, shf'-' 
face a parabolic curve. For let cud be a parabola [fig* 38 
pli^'6J, the axis of wfiich is a u: wc here suppose that tba 


reader has some knowledge of conic sections* It well 
known that in this axis tJtcre is a certaid^oint so situated^ ^ 
that every ray, paTulJel to tlieaxis of this parabola, will be 
reflected exactly to that point, winch on thts account ha* 
been called the jheus* If the concave surface therefore of 
a parabolic spheroid "be vrell poh-^licd, ail the solar rays^ 
parallel to each adicr, and to tho axis, will be united in 
one point} and wdtl produce there a heat much stronger 
than if the surface bad been spheric ah 
Rkjvcakks.—L As the focus of a .-spherical mirror is at 
the dietaucc of a 4th part of the diameter, tJie impossibility 
ircbimedes being able, i^ith iiiuch a mirror, to burn the 
San slnps, supjiosttig tlieir distance to have been only 
jCl'paces, as K ire tier iwiy^ he retn^ivked when at Syracusiie, 
he easily conceived; for it vtouj^ have been neces^ 
saty the sphere, of which his mirror was a ponitin, 
bare had a radius of 60 paces; and to'tf6ushruct 
apbcrc^ would be impossible*'' A parabotk nurror 
id 6e attended with the same mconreoience*. fieside^^ 




£0$-’ susiriitd'witlidits. 

■I ^ ' 1 ■Wi ' , ^ 

th^ Romn^ must' bav« wonderFutry ^i^lDdeMendinj^^ 

tQ iofl^t^emselves to t^urnt nestr^ without dera&ging ’ 
thA ditaehine.If the itlsitfacitiatician of Syriciisc^ 
faitirnt the Rotnan ihipB by ineans ist the so&t Ayi^ii^dL if 
Frodotj m we arc told^ treated in the llaiiie 
ships of Vitellics, which were besieging Byzant]uW> they' 
roust have emptcag^ mirrors of another ‘kthd/ami couM 
racceed only by ah^ventlon similar to that revived by 
Buffon, and of which he shewed the possibility. See 
Prob, 33* 

The ancients made use of concave mirrors to rekindle"' 

j 

the vOBlal fireSi Plutarchj in his lift? of Niama, says that 
the' instruments used for this ;^rpose, were dishes, which 
were placed opposite to the siihjajW the combustible mat-^ 
tef placed in the centre ; by whicn Uis probable he meant 
the focus, conceiving that to be at the centre of the mirror's 
concavity, ' 

IL We cannot here omit to mention some mirrors cele-^ 
brated on account^ftf their si^e, and the effects they pro¬ 
duced ; one of them was the work of Settala, a canon of 


Milan: it was parabolic, and, according to the account 
of father Schott, inflamed w ood at tjie distance of lo or 
16 paces, 

Villette, an artist and optician of Lyons, constructed 
three, about the year 1670, one of which wan purchased 
by Tavernier, and presented to the king of Persia j the 
second was purchased by the king of Denmark, and the 


third by the king of Frame, The one last mentioned was 
30 inches in diameter, and of about 3 feet focus. 
rays of the sun were collected by it into tlie space of 
balf-a-guinea. It jmiaedi:'tely set fire to the greeneat 
wood infused sitv^ and copper in a few seconds; and 
ia^^^ne^Wnute, more or less, vitrified brick, flint, ' 
vittiflable substances^ ^ 

mfrrors however were inferior to that constjrii 
'baron voa Tcbirnbauseti, about 1637i and of whi 


d^riptloa Oday fa^ fodni}*in ttt^TF^AsactioMjifXai^Qe 



as blade 

0|; f f^S inclies, in'^re^^^/aW 4ts 

fellsj or i fe^t 6 incb^: it jirodv^^^ 
t^e fc^tdf^mg elites: .f 

exposed to its focus, iuimec^^^y took fire \ and 


the 0io3t violent ^'Ind 'was not abfe^o extinguish iU 
Water, contained jn an earthen vebsel, was instantly 
thrown into a state of ubullition j so tliat eggs were boiled 
in jt in a moment, and soon after the whole water was' 
evaporated. Copper«ud silver passed into fusion inji few 
minutes, and slate was transformed into a kind of bladt 
gflass, which, when lai^hoSft of with a pair of pincers,, 
could he drawn out in^Sfilaments. Brick was fused into 
a kind of yellow glass; pumice stone and fragni^tx of 
crociblee, wliioh had witlistood the most violent furnaces^ 
were also vitrified, fee. 

Such were the effocts of the cclebraj^ mirror of baron 
von Tchirnliauseti; which afterwards came into die poi?- 
scssion of tiic king of France, and wlucli was kept in the 
Jardin du lioi, exposed to the injuries of tlic air, which in 
a great measure destroyed its polish^ 

But [uctal is not the only substance of winch burnlag 
mirrors iiim* been made. Wo are told by Wolf, that an 

artist of Dref^Jen, named Ga^rtner, ^constructed one initbi* 

1 

tatioQ of TchiriihausenS min or, composed only of wood, 
and which produced cfl'ecLs equally a^'tonislung, -Buttbift 
a^j^qr does not infomi us in what manner Gsertner was, 
m:o give to tlie wood the necessary polish. . 
qthcr Zacharias Truber however seems to have sup* 
pjied this deficiency, by informing us in what manner a 
bi^njiiig rainror may be constructed with wood and Icaf- 
for nothing is necessary but to give to a piece of 
giy dry and very liard wood,, the form of the xeg- 
pf aconcave sphere, means ^ a turning .machine^. 




iOS mEEotia; 

to cover it iti a itoi{b|fib hairnet with a miatoro of pitcl^ 
acid then to of gold' leaf j! about tbrar 

^ ;iticheA in Iriatead^Of p^ijld ^afv ^i|A 

^oe Oitrror#, he^>7/fnjg1iibeadapted tot^cbncavii|^y 
a)Kl it will be »een with aBtom»hnieiit^^tti^ifj|k0^i|B^^ 
a mirror is hule inferior to that of a mitrOr 
tirfliy of metal. , 

Father Zahn hrohtions something morie singular thati 
what is related by Wolf of the artist'of,Dresden, for he 
says that an engineer of Vienna, in the year 169$, made a 
mirror of pasteboardf covered on the inside with straw 
cem^ed to it, which was so powerful as to fuse ail 
metals^ 


Concave mirrors of a constder^Ie diameter, and which 
produce the same elTect as the^eceding, may be pr04 
cured^at present at much less ex pence. For this advan« 
tage we are indebted to M. de Bernieres, one of the com- 
troUers general of bridges and causeways^ who discovered 
a method of giving the hgurc of any curve to glass miT'* 
rors; an invention which, besides its utility in optics, may 
be applied to various purposes in the arts. The concave 
mirrors which he constructed, were round pieces of glass 
bent into a spherical form j concavo.i'on one side and con^ 


rex on tfie other, and ^.ilvered on the convex side. M.do 
fiernteres constructed one for the king of France, of 3 feet 
6 ihehes in diameter, which was presented to his majesty 
in 1137* Forged iron exposed to its focus was fused in two 
seebnds r silver ran in such a manner that when dropped 
into water it extended itself in tho form of a spider*# 

.fliut became vitrified, 0cc, 

These mirrors have considerable advantage over mbt 
of metat ^^Their re^tion from the posterior surface, nou 
withstfadljig the loss of rays, occasioned by their pa^ge 
the first surface is still more lively than 
tbe^l^t ptitished tnetaUic surface; besides, they 
sij^^,hka ^pietaUi^ mirrarsg tolo«e thair poUA 
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eontact'bf thi i3t^ bT^ays dmirgcd vith Vct]>6frt% vlil^ 

b^t whkh malce no imprcsstoii 6if' 
ill shoir^f'hoihfiig is tvecd^sary^ but to prcs&tve th^Oi Ifrotti 
moiscdr^ flftikA destroys tho ttlrering. 


" PROBLEM XXXMI. 

Some properties of co^ieave min'ors^ tn^gard to visiott^ or 

the jormoivm of images. 

I. If an object be placed between a concave mirror and 
its focus, its image is seen within the mirror, and more 
onagoified the nearer the object is to the locti<^; ^that 
when the obji^ct is in tho focus itself, it seems to occupy 
the whole capacity of the mirror, and nothing U seen 
distiDCt* 

If the object, placed in the focus, bo a luminous body, 
the rays ivhich proceed from it, alter being reflected by 
the mirror, proceed ^iarailcl to each other, ^o that they 
form a cylinder of light, extended to a very great diiiitaitcei 
and almost without dimituition. TIjh column of light, if 
the observer stands on one side, viji be easily perceived 
when it is Uaik \ and at the distance oi more than a hun¬ 
dred paces from the mirror, if a hoof,, be held before this 
light, tt may be read. 

IL If tht* object be jdaced between the focusi and tho 
ceiiETe^ :ind it tiie eye be either beyond the centre, or b** 
tween the centre and the focus, it cannot be distinctly petv 
coivtd, as the rays rcdccied by tlie mnrnr are convergent* 
But if the object be strongly ilIumiHated, or if it be a 
Ijl^hious body itself, such as a candle, by tlie union of its 
there will be foniierl, beyond the centre, an image in 
an inverted situation, wliich will be ^jainted on a piece of 
papeiSt Of cloth at the proper distance, or which, to an eye 
beyond it, will appear suspended in the aiTi. 

^ nearly the same when the object 
I ra i ^ dd the centre, in regard to the mirtor^ an inverted 
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tS the <)bjcct will be painted then between the ifoem 
aiti the centre; and this lOiage will fippre4eli tbf 
ia proportion ba the abject itralf approacbet it) or wvft 
approach the focus as tlw object fetaDvei'&rom4t. ^ 

In regard to the place wbm die image will be paint 
eil in both these cases, it may be found by the foUawbig' 
rule* *'• " 

Let A<'h (figp 33 pK d) be the axis of the mirror, iodefip 
nitdy produced ; f the focus, c the c^tre, and o the place 
of the object, between the centre ami the focus. If F * be 
taketr a third proportional to fo and fc, it will nepreieat 
the distance at which the image of the pouit placed iis o 
will be painted* *' 

If the objecllbe in «», by empli^ig the same proporriM, 
with the proper changes, that is, by making fo a third 
proportional to Tea and fc, as in o, the image of it will be 
found in o. 

In the la&t place, if the object be between the focus and 
the glass, the place where it will be obserred within the 
naif for, may be found by making fm to pa, as fa to Ft. 

RsMABKs.-<^lst. This property which concave mirrors 
have, of forming between the centre and the focus, or be* 
yond the centre, an image of the objects presented to them, 
is one of those which excite the greatest surprise in per¬ 
sona not acquainted with this theory. For if a man ad- 
vahee towards a l^rge concave mirror, presenting a sword 
to it, when he corner to the proper distance, be will spe a 
sword blade, with the point turned towards him, dart i|Mi(f 
from the mirror ; if he ri^^tires the^mage of the blacb'wffi 
retire; if he advances in &uch a manner that the pointfllW 
be between theceatraand 'he focus, the image of the swo^d 
will crqfe the real sword as if two people were engaged in 
fighu^iR. 

Stl.' If, insteiid of a sword blade, llie hand be 
al% «iTtaij) disUDce; you will see a hand fQrmeiup|fe 





jilM§eem.tQmm^b atb«r<.; J i. ^ ^ 

M. Uifmif^^ yfmmVi a^Jiule J^y<i{H) the t^iputn^ff 
tbp^ja^ifrbr^ jwid tb^.loiA directly i^ito i%^ you. will jc^i«- 
jfllM tbQicfiAtr^;tbe of your face inverted* K^Ifyoa 
then continue to approach, this plmntiuMc imago wiU |tp- 
proaefa also^ 00 that you can kitts it, * * 

,> nosegays be suspended in an inverted iUuatiop 

(ftgi;rS4' pi, 9), jbetween the centre and tiie focus, a little 
bnktw^thd tais, ^nd if it be concealed from the yieiA^i^^thc 
epcbtatoTi^'jbj; means of a piece of blaqjt paatehaara^ 
upright image of the nosegay will be fofined above the 
pai^board, and wiU the greater J^onishmenti as 

theoliject which produces it is not seen; for this reason 
thdte not acquainted with the deception will take it for a 
real object, and attempt to touch k ** 

' ’^tb.'Xf a concave mirror be placed at the end of a 
at an iudinathm nearly equal to and if a print or 
drawing be laid^on a table before the mirror, with the bji^ 
lont part turned towards it, the figures in tbe print or 
drkwing will be seen greatly magnified; and if a proper 
arrangement be made, so as to favour the illusion, that ^ 
if the mirror be concealed, and only a small hole lef^ For 
liookiiig through, you will imagine that you see the obj^ta 


tbpmseives.' 

Ou this principle are constructed what are called Opitm 
which are now very common: the method of 
:;{l|^iMjB|^ting them wilf be found in the following problem. 








^ftOBLEM XXXVJ 1 T* 


To^tvnstnut an opfkai box or chambfVt in isfihkh ol^^ft are 
seen much iarger than the box itself. 


y, 


a square box, of a size proper to contain the 

||p«^ ■ftd'iipfK«n&cc*p ficH^ ifLtliiiaiBiLaerf bttfdflBt* 

yckn b«rb nhifaited ai tbowi lo «p««taUtn ia Lendoni 
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coAcave mirror you intend tA employ; that is to"^^yV|ett 
e^li side be a little le$3 than tlie focal distance IKii^ 
ror; and cover the top of it with transpat^liV 
or white or glass madd siAoDth^ biit tiiot' 
Apply the mirror to one of the vfertfcal sid^ oftl 
and on\he opposite side place a cotooreef prtntiif 8{ 
ingfTeprcsentinga landscape, or seaport, of bdilditi^^jm 
The pi^nt ought to be introduced into the box by cBeat^ 
of a slit, so that it can be drawn ou^j^'and mOoUier'strtistfr 
tuted in it* place at pleasure.^ ' ■ 

^^the top of the .side opposite to the mirror/a'itiddd 
hole or aperture must bo made, for the'purjipde of l6oldi% 
through; and^ the eye be applied to thl^ ole, Ob¬ 

jects, repreaeTOd in the prmt/^ill be seen very ihuch 
m^mfied; those who look at them, a ill think they 
behold buildings, trees, &Ci 

We have seen some of these machines, which by their 
construct JOT), the siae of tlie mirror, and the correctness of 
the colouring, exhibited a spectacle highly agreeable and 
abusing. 

0/cylinirk^ or fmk^y U,c mirron^ mi the mamarphosts 
'whkk may ht perjormed by means ^ them* 

There are other curved mirrors, besides those already 
mentLoued; such as cyhndric and conical mirrors, by 
m&ns of which, eifects very curious are produced. Ttib^i 
for example, a figure may be drawn on a plane sa'd^$|t^ 
dd, that it will be almost impossible to tell what it h 
t^'ptacing a cylindric or conic^mirror, as Wf 
eye, in a certain position, the figure will appear iu if 
proportions* The metbu 1 by which this is 1$ as 

followflp '■ 
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^iescrihe^ on an horizontal plane^ adtstorfei 
"*’fahen semfroma given po^t, as refisciedfiw^tho 




OPTICAL DECEPTIONS. 


Ui3 

y 



r^hi tjfUftir^ mtrrQT^ sha& iri 

;. " ;■' ’ ''^ 

^0^AW (plat^ 10 fig- ^ N^ 1 and 2) be the base of ft 

poftjDO cjtindnc polished surface, ^hichis to^ri^ 
GftivrcHr; and let ac bo its chord, fii the radius per^ 
(cuKar to ac^ and indefinitely produced, assume the 
Llit which corresponds perpeninbuJarly with the plac$ 
eye above it. This point o must be at a moderate 
distance.from the mirror^ and raised above the'Pane of 
the base only 3 or 4 times the diameter of tlm cylinder. It 
j^,^fopier -that tt^ isbould be at such a disUtice from the 
mirror^ that the lines da and oc, drawn from it^hall 
tpake with t^^jLindric surface a inocleratejy acute angle | 
for if the lines oa and ac were tangents^ the points "a 
and Cf the parts of the objects seen by these rays would 
bo very much contracted, and appear confused* 

.The point o being thus dcterniined, and having dra^n 
the lines oa and oc, draw also ad and ce indefinitely, in 
ftucb a manner, that they sli.ill form, wUh ihe cylindric 
surface, or ihe circumference of tlic Intse, angles equal to 
those formed with them by tlie lines oa and oc; so tb?tj 
if the linca OA and oc be considered as incident rays, ad 
and CE may represent the rejected rays* 

Then divide ac into 4 equal part%, and form on it a 
square, which must be divided into If; otlK^r small equal 
sq^ilAreM* To the points of division *'nd 4 draw the l^es 
cutting the mirror in and ri ; from which points 
Indefinitefy fo and hi, so that tlie Utter lines shall 
tHected rays c^reiiponding to- the lines oi' atul oh, 
^red as incidenf^^s. 

'hen this U done, on the e^ctremhy o, of the imle^nite 
hue (^^ fl) raise the perpendicular on, equal to the 
bftiglil of the eye above the plane of the mirror : make oq 
oa; and from the point q ptise the perpendicular 
[uai to AC, wliU;b must be divided into^4 equal parts: 
draw^'frfMH tbe point Jf, through tbesftipoiiits of divU 




2H ^ 6^*tlCAL 

j^on^ straight lin^, which bi^g. 

QfiF in the point'i, ii* iii^ iv^ Transfer these 
in the ^ame oirder^ to the radii ad and so t^at 'a i,' j^, 
a IV, shall be respectirely equat^ ^ 5) ti, 

»IV. ' "', 

Proceed in the same manner to divide the lines fg 
1^1 into 4 unequal parts, as F i, F ii^ ¥ in, t Iy; h ij^ m 
H lit, H IV} and divide, in the tike manner, the fine b IV^ 
nothing then w'iil be neca&yary, but t^oin by curved lii^ 
the similar points of division in these 5 fines; which ina^ 
be easily done, by taking a very flexible rule, andbenditig' 
It, s to make it touch or bear on these points. 
these points be joined, three and three, t^bircuJar a^i, 
they will not d^^iate much from the truth. These cirCiilaf 
or curved arcs, with the straight lines a iv, f iv, b iv, h IV, 
c IV, will form portions of circular rings, very irregular 
indeed, but which will correspond to the 16 squares intG 
which AC was divided j so that the mixtilineal area & will 
correspond to the square a; the area b to the square c 
to Cf d to dp and so of the rest. 

If a regular figure then be described on the square Ac, 
and if what is contained in the small square a be tran^ 
ferred into the area a of the base, lengthening or contract- 
iBg the parts as may be necessary, you will obtain, if you 
proceed in the same tnanner with the rest, a figure ex- 
cee^ngly irregular and distortedj w^hich, when seerl iift 
the cylindric mirror, by the eye placed properly ab^l^ 
the point o, will appear regnlar ajd in its true prt 
tiona; for it is demonstrated, in the theory of cyljj 
mirrors, that all these irregular ar^l must appeaf^^*' 
the square of ac and its divisions, or nearly lio* Wit 
nearly i^b^avise this construction is not geometrical^ 

^Ct, UM caiiDOt be, on account of the ind^Cision'in rd ' 
to't^ place of the iiq^gc In mirrors 6t this kind^ 
^t^^tructioo boVever succeeds so well, that obje^^l 
eannot be ditttjfifguished oh thG base of the , 




omcAt. McrfttOAa. 





]j^ty;,regtdar io thdr Tepreseiitatio'n. But we muiri: 
jp tWt^ fot ihic purpose,^the eye ought to be appli^ 
i ^ighft of^holei of aTcw lines dianketer, fais^ perp^ 
jiterly, ebore the point o, to a height equal to ok* 

of a cylindric mirror, one iti 'ttfe 
ToF a right prism may be employed; but, to M a 
ifar and well proportioned image, it must be tratsA^ 
ipto parts of tlie base not contiguous, but para Held” 
resting on the base, and arranged in the of a 
fan, with triangufjTr intervals between every two^ Any 
particular subject may be painted in these intervals, so 
th^ 'whert the mirror is placed in tlie proper p^iori^ 
soi|ie^^object/i|JSerent from what is represented sl^ll be 
seen* But we shall not enter into farther details respect 
ing this anamorphosis} as we niea[i to ^ve that of the 
pyramidal ^irror, wliich produces a simijar effect. This 
is a problem on which beginners may exercise their inge- 
fUlity, and which can be i^olved without much difficulty. 


phoulem XL. 


Ta describef on a horisanial planer a distorted ^gure, nrl^i 
shall appear m its propci' proportmnSj when seen as re- 
jUcted bp a tonicul mirror from a ghm point in the axis 
of that cone produced 

Around die place which you intend the dUtorted figure 
to occupy, describe a circle a nun (pi. 10 fig. N . 1 and 
^of any size at pleasure, and divide the cjrcumfei^nco 
into any number of equal parts; from ihe centre E, 
through the points of division, as many semi-dtame- 
ti^ oue of which, aa or ok, mu^t also be divided into 
lin number of equal parts. I'hen from b, as a ceq* 
tre, describe, through the points of division, as many cir«' 
idc^which with the preceding setnvdiametcrs will divide 
terminated by the first and greatest ciicU abcd, 
iverat srnail spaces; and theie will serve to conUiJl 
to d^tort it on the borizont^l^lafie, around 
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the hmo EGiii t|^e cauical (Dirrer^ ia.tbfi 


#4 




matiner. * i . l 

.lifivjBg asaumetl. the circle tOHt (%4.3^ N^^9] 
centre of ^hidiU o,a« the base of the cone^ GOfiftii 
ap^t the righUangled triangle klm (N^. 2j^ tbp 
Avhich Ki. is equal to the sctnl-tliamctor og of the 
the cone; and the height km equal to the height of ! 
cotio. Continue this heiglit to N, so that the part 
shall be equal to the distance of the eye from the point of 
the cone, or the whole line kn equal to the height of the 
eye above the base of the cone, llaving divided the base 
KL Into as many equal parts as the semi-diaincter ae or «t£; 
contains of the prototype, draw from the point n, throng 
tlic points of division n, o, n., as many straight lines; 
which will give in the hypothcniise lm, represeutiiig the 
side of the cone, the points s, t, v ; at the point v make 
the angle lv 1, equal to the angle lvu; at the point x the 
angle LT 2j equal Lo the angle itq; at die point s the. 
angle ls equal to the angle isr ; and at the point m, 
which represents the sumintt of the cone, the angle lm 4, 
equal to the angle lmk, in order to have, in the base kl 
produced, the poinis 1, 2, 4. 

Then from o, the centre of the base fgiii of the conical 
mirror, and with die distancca k I, k 2, k k 4, describe 
circles rep resenting those of the prototype abch, the largest 
of which must be divided into as many equal pans as the^ 
circivn&rcnce abcp; and from the centre O, draw 
diameters through the points of division, which will 
on the horizontal plajie us many small distorted 
those in the prototype Auro ; and into these the figu] 
the prototype niaj consequently be tranrferred* 
image will be very much dL;ortcd on the horizontal pkH^i 
yet by reflection from the surface of the cgnicalimb^lj^jj. 
piaced^^ the circle fgiii, 'will appear ui Its just pjr^^j 
'the eye be situated perpendicularly §boF:^j 
and a distance from it equal to 
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.-Hbic Dfder to avoid decoption in tiBnsfefHib^ 
whdt i» itt the prototype asco (pi. 10 S6 N^. i & 

hoH^ontal plane, care must be talerf that what h 
moat distaot from tlie centre e shall be nearest the base 
the conical mirror; as is seen by the same lett^S 
^1 ^ the horizontal plane and of the 

.|^|^itotype. The distortion will be the more grotesque^ If 
in the regular imiigo is contained in a sector (N®. 1) 
if contained in the distorted image in a portion of a'circular 
ring. 


PROBLEM JCIJ, 

h 

To,pe7form the same i/iing by means of a pyramidal mirrQv, 


It is well known, and may he easily conceived, that a 
square p 3 Tamidal mirror on the habc a rod (ph 1 \ fig. 37 
N“ 1 8c 2), refleotB to the eye, placed above it in the a'sis, 
no more of the plane which snrroumK the base, but the 
triangles UEr, cfd, doa, and Aim; and that no ray pro* 
cecding from the interiiiediate spaces reaclitb the cyc« It 
may also be rcaddy seen that these four U iangles occupy 
the whole surface of tlic"mirror; oiifl tliat to an eye raised 
above its summit, and looking throin;h a sniail hole, they 
will appear together to fill the squaie of the base. In this 
case therefore the image to f>c distorted must he described 
jti the square arcd, equal to the pliuic of the base; and if 


jd^ugh the centre u there be <3ruw n two tiiagonals, and 
riitey lines pcrpCDdicular to the side*^* these with the small 
tfi&ncentrie squares, desevihed in that of the base, will 
It into small triangular and trapezoidal jinrtiotis^ 
w the section of tlie niirrorj ibrmigli the axis and tlxs 
tffL, being a right-angled triangle, it T^ill be easy, by 
a method similar to that employed in the preceding pro* 
ble^ to find on the hno produced, its image lk, and 
tihvpbiiits of diytston which arc the image of those of the 
Let these points be l, Vii, n, r: if you draw 
tgh points lines paraliel to the base bc, and do 
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the vame thing in regard to the other triangles haBs Ihi, 
yovL will have the area of the fe be painted, divided 

into parts correspondii^ to those of thahasA By des^^b* 
ing IQ each of these, i#tbe proper situatioDj and. with 
proper degree of eiongutirm or contraction^ the 
the figure contained in tlie corr^potiditig parth of 
you will have the distorted figtire reijuired, which, 
seen from a certain point in the axis produced, 
pear to be regular, and to occupy the whole base. 

This kind of anamorphosis, on accoilnt of its singularity, 
ia superior to any of tho preceding; as the parts of the 
distorted figure are separated from each other, though 
they seem contiguous when seen in the ^irror; other 
objects therefore may be painted in the intermediate 
spacer;, which will mi'fleiid the spectators, and excite in 
them a greater degree of surprise. 

Of Lenticular GksseSf or Lenses. 



A lenses a bit of having a spherical form on both 
sides, or at leo^t on one side. Some ol them are convex 
on the one aide and plane on the other; and others ara 
con rex OQ both side;!; some are concave on one side, or 
on both; and others are convex on one side, and concave 
on the other, Tliose convex on botJi Mdes, as they t&m 
fiemble a lentil, are in general distinguished 1^ the name, 
of lenticular glasses, or lenses, .h. 

Tbe uses to which these glasses are applied, are j 
known- TJiose wfiich are convex magnify the appearim. 
of ebjects, and aid tlie sight of old people; oq the 
'liand, the concave glasses diminish'Ejects, and assist 
who arc short stgiitcd, T'he former collect the tay 
the suA around one point called the focus ; and, when i 
a considerable size, produce heat and eorqbunion, 
concav&j^lasses^ on the coi^trary, diaper^ 
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kinds are Employed in,the 



teJeii^pes and^ieroacopes, 
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XhlU 

1bfold thefoms rf agksxghie, 

■ jgljtfB globe!! siippJy, ou matiytteca&ioti^, tbe pTac&of 
it is propet-' tliat we bhould here say a few words 
ting fbeir focaf dis|ance. The method of deieir- 
g if is as follows, 

t BCD (ph 11 %> 33) be a glass sphere, tbe centre of 
which is F, and diameter to which the incident ray 
An is paralleL This raj, when it meets with the surfiice 
of the sphere in will not continue its course in a straight 
Hde, as would be the case if it did not enter a new rnddium^ 
bet will approach the perpendicular drawn from the centre 
p to B the point of incidence^ ConsequetitJj, when it 
fs^ues from the sphere at the point i, it would meet the 
diameter tn n point b, if it did not deviate from tbe per* 
pendicular fi^ which makes it take the direction lo^ and 
proceed to the point o, the focus required^ 

To determine the focus o, first find the point of meet¬ 
ing E, which may be easily done by observing that in the 
ttianglc FBE, the side fb is to pk as the sine of the angle 
FEB is to the sine of the angle r^^n ; or, on account of the 
smallness of these angles^ as the angle feb, or its equal 
GB£, is to the angle fbe} for we here suppose the in¬ 
cident ray to be very near tbe diameter co ^ consequently 
angle abh is very small, as well ns its equal fbg \ and 
es' extremely small have the same ratio as their sines, 
by the laws of refraction, when a ray passes from air 
lass, the ratio of the angle of incidence abh, or obf, 
e angle of refraction fbi, if the angles be very small, 
s" 3 to 2, and therefore the angle fbe is nearly the 
)e of £BG; it thence follows tliat tlie side the 

e is nearly the double of fb or equal to twice 
his'; conseqiiently be is equal to the radiiisi 
find the point o, where the ray, when it issues from 
spher^jind deviates from the perpendkrulaT, Ought-to 










the line the like .fisitsonipg may be emplcgrM* 
In the triangle ioe^ the side lo Is to ob n^i}j as the 
iBOj or its equal ife, is to the angle oia. 

^glcs are equal; fomDe angle ipd b the 0|ie,thir4^0^|^ 
SBgle of incidence fbg or abh; but^ by the )aw 
fraction^ the angle oie is near|jr the half of the ,ang| 
incidence eiKj or of its equal fib, which is j- oAhe bj 
FBO: hke the preceding it is therefore the third of f 3^ of 
jiBA,and consequently the angles oi^ and osi are equii)| 
whence it follows that oe is equal to oij which is it^lf 
equal to no, on account of their very great proximity^ 
Therefore do, or the distance of the focus of a glass globd 
from the surface, is equal to half the radius, or the foutth 
part of the diameter* q*e.d. 

rnoBLEM XLia. 

To find the focus of my lens* 

The same reasoning, as that employed to determine the 
^cour^ of a ray passing through a glass sphere, might he 
employed in the present case. But for tiic sake of brevity, 
we shall only give a general rule, demonstrated by op¬ 
ticians, whicli includes all the cases posi^ible in regard to 
lenses, whatever combinations may be formed of con void'!' 
ties and concavities* We shall then show the application 
of it to a few of the principal cases. It h as fo^ws* 

jis the sum of the senii^dmneters of the tmo amvtxiii 
to 07 ie of them; so is the diarnetelr of (he other^ to the j^ 
distance. 

In the use of diis rule, one thin^^iii particular is 
obs&tVed* Wlien one of the faces of the glass is ptd 
tberacSius of its sphericity must be considered as infimte; 
and wh^xoncavof the radius of the sphcife, of vrhtd^^jA^ 
conca^y forms a part, must be conaadered as negf 
Thia will be easily understood by those who^ ai»K u 
Ipwt familiar with algebra. . . (s: 
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1. ITAeft ih£:lttnM is iqmUy tmvex an both siks, ^ 

j ^ 

radium of the convexity of each of the face^t be^ 
for exa^lpe^ e^uai'td \2 mcbes, .W the general rule 
^^have Ih^^roportionr as the sum of the radii^dr'74 
t, IS to dn^ of tbenl, olr 12 indies, so is the dtamej;^ 
le or 24 incheg,^ u fourth term, ^hich will W 

Mthesj^the focal distance. Hence it appears that a 
tens eejtfaHy banvex on hath sides unites the solar rays, or 
in"genets! rays pardJei to its axis, at the distance of the 
radids of one of the tvs^o sphericities*. 

C.A6£ 11. When iht km is uttequallj/ convex on both 

^ J.r the radii pf the couvexitjcs be 12 and 24, for instance, 
the following proportion must be employed12.4* ^4, 
or 36, is to 12, the radius of one of tile conv'e^itiei!, so is 
43, the diameter of the other, Lo 16 ; or as 12 24, or 36, 

is to 24, the radnts of one of the convexities, so Is 24, the 
diameter of the other, to 16* The distance of the tocua 
therefore will be 16 Inches, 

» H 

Case m. IVhen the ietts hf/s mje side plane. 

If the sphericity on the one side hti -as in the precedihg 
case, we must say, by applying the general ruU^: as the 
vumof the radii of the two sphericities, v'z, 12 and an in¬ 
finite quantity, is to one of them, oi the infinite quantity, 
30 is 24^;]|Jic diameter of the other convexity, tn a fourth 
P^EQ, which will be 24^ for t)ie two hr^i lernis arc equal, 
l^^cause an inrimte quaniitv tiicreaseil or liimiiiKhed by a 
quantity, is always the same; the two last tefmfi 
rtsforc are equal; and it hence follows, that a plano- 
^ex glass has its focus at tlic distance of the di^tti^tor 
baj its convexity. 

iht lens u tmwfx on iha ont side^ as\d 
cfnKme on the other* 

j 

theradfusbf the convexity be still 12, and that of 
rooncwvky As a concavity is a n^^tive conve^fity. 
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thi^jiunib«r 27 must be taken with the ligfi^ prefixed^ 
We $hall therefore hare thi& preportinUt r - ± . 

As 13 niches— 27, ot^ 15 inches, b to tbe radius of tbQ 
ooncavUy^£7 (or as 15 b to 27, or aa 5 9), so 

inches, the diameter of the conrexity, to 
focal distance of the Jens, and is positive or real ;^tbat 
say, the rays falling parallel to the axis, wdl really^a 
united beyond the glass. The concavity indeed having a 
greater diameter than the convexity, this must cause the 
rays to diverge less than the convexity causes them to cod- 
verge» But if the concavity be of a less diameter than the 
convexity, the rays, instead of converging when they issue 
from the glass, will be divergent, and the focus will be be¬ 
fore the glfitfs: in this case it is called virtual* Thus, if 
the radius of tlie concavity be IS, and that of the convexity 
27, we shall have, by the general rule; as 27 — 12, or 15, is 
to 27, or as 5 is to 9, so is-24 to-4i*. The fast t&tm 
being negative, it indicates that the focus is before the 
^ glass, and that the rays will issue from it divergent, a» if 
they came from that point. 


Case v. When the kns is eo?£cave on both jufer. 


If the radii of the two concavities be 12 and 27 inches, 
we shall have this proportion: as <-12 — 2l is to—27, or as 
39 is to 27, or as 13 to 9, so is—24 to—10^ The last 
term being negative, it shows that the focus b only Tirtt^ 
and that the rays, when they issue from the glass, will 
proceed diverging, as if they came from a point situei^ 
at the distance of 1 6 tV ] riches before the glass. ^ ' 


4 ^ 


Ca3£ VI. When the lens is cmcave m one and 

on Uic other. , , 
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1f the radius of the concavity be still 12, the abo^j^de 
will the following proportion i 33—12+^1) infinite 
(^ijaatity, is to an infinite quantity, so is - 24 to—24$i^ 
an inhnite quantity, when it is diminished by a fibite 









reoi&tns^ fitill'tbeflame^ Thus it is seen tlwitj in 
tbi^ caae, the virtual focus of a plano-concave glass^ or the 
pattft iirbere the rays after their refn^tion seem to diver 
iaa^ distance equal to the diameter the concavity^aa the 
which diey converge ia in the case of the plano^' 

. fkU^veic glass. ^ 

* " ■ _ ^ 

These are all the cases that can occur in regard to tenses: 
for that where the two concavities mrght be supposed equals 
is comprehended in the fifth. 

Remark.— fn all these calculations, we have supposed 
the thick ness of the glass to be of no consequence in regani 
to tbe diumeter of the sphericity, which is the mo&t com¬ 
mon case j hut if the thickness of the glass were taken into 
coTisidcrattorr, the deterininations would be dUferent^ 

■H 

Buming Ohssi^^, 

ILenticuJar glasses furnish a Hiird method of solving the 
probleui, already solved by means of mirrors, vi»j to unite 
the rays of the sun in such a manner, as to produce fire 
and infiammatioij; for a glass of a few inches diameter 
will produce a heat sufficiently strong to set fire to tinder, 
Unen, black or grey paper', fitc. 

The ancicnta were acquainted >vith tht^ property in 
glass globes, and they even sometimes cniplovcd them for 
the above purpose^ It was probably by tneaTis of a glass 
globe thfit^tbe vestal fire was kind hut. Some indeed have 
endeavoared to prove, that they pro-'laccd thn: effect by 
lemew: but de la Hire hiu shown, that ihls idea is entirely 
;void of foundation, and^that ttin bunimg glasses of the 
'arteients were only glass globes, and coTibCqueiitly iU' 
of producing a very remarka^blc effect. 

^ron vou Tcljirnhatisen, who constructed the cole* 
br^lJiid^ mirror already incnttoned, made also a burning 
giaes, the largest that had ever b^en seen. This tiaktlie- 
being near the Saxon glass manufaetories, was 
dQi^ed, about the year IfiPfi, to procure plates of gla^ 



BURNING 0T^A£S£9»^ 
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sufficiently thick and broad, to be converted into lenses 
several feet in dianteter. One of them, of this in-^ 
dained combustible subs tail ces at the distance of 12 feel. 
Its focus at this distance Tras bbout an inch and a half iti 
diameter. But Nvhen it was retjuired to make it 
its greatest elfects, the focusstffe diminished bjj^mean^^ 
a second lens, pUceil parallel to the former, and at the 
distance of 4 feet. In this manner, the dhitnetcr of the 
focus wo.^ reduced to S lines, and it then fused metftls^ 
vjtrlhed dint, tiles and slate, earthen ware, See, in short, it 
produced the same cfliect!^ H’s the burning mirrors of which 
vre have already spoken. 

Some years ago a lens, which might have been taken 
for that ofT^cliiriihauK'j), wa"? exhibited at Pjris^ The 
glass of which it consisted was radiateiL iLiid yellowish J 
and the person to wliom it belonged asked no less for it 
than 500.£. sterling. 

^For the means of obuumng^at a lesscxpencc, g1asse!> 
capable of producing the ^amc effects, \vc arc indebted to 
M, de Berniercs, of whom we have already spoken, 
his invention for bending gkiss, two round plates are bent 
into a spherical form, and being then ajiphcd to each 
other the interval heiween them is hi led wilh distilled 
water, or spirit of wine* These glasses, oi? rather water 
lenses, liave their foctig a little farther distant,-ai^d catens 
jtavibus ought to proiUicc a somcwlrat less effectbutj^ 


thinness of the gla^s and the transparency of the water 
occasion kss loss in the rays, than in a lens of sevi^^ 
inches in thickness. In short, W is far easier to procu^ i|4 
leoa, of thiii construction, than solid ones, like thaQ.^' 
Tclurnhaiiscn. Nh dc Ti'iduinCj soiAc years ago, cailfe 
to be constructed, by M, dc Bernieres, one of theaft^lfrater 



lenses 4 feet in diameter, with which some philo* 
expefhnents l^ave been already made, in regard 
c&lcitiation of metals and other substances, The heai 
duced by this instnimciit, is much superior to that 












Uie gJassEis and mirrurf hitherto knowii} andjjj^n 

to that of uJl (urnacoii. Wo have rccVkOn to .^pect from it 
n^yr dtscoTtrieu in cUemiAry- We shall here add that 
with water ien^es^ of a much smaller size, M*de Berniem 
metals, vitri&ahl^^stoiiu!^, Stc, 

^ FHoifc^ XLIV. 

Of SOftti other p roper ti^fs of h’fUtciifar glurses^ 

^ Jst, Jf an ohject be exceedingly remote, so that there is 
no praporiioii between its dihtanee and the focal distanes 
of the glass, there is painted in the focus of the ions an 
image of the object in an inverted situation. This 
periment servos as the basis of the cuiistruction of the 
camera ob>)Cura. In ttn^ Liiaiiiier tlkc rays o£r^e sun, or- 
the moon, unite in the focus ot a glass Icni^i, and form a 
small circle, which is nothing else than the image of the 
0 UJt or moon, as may he ea'^dy perceived. 

ijd. lu proportion as the ohject a[jproaches the glasa, 
the image formed by tfie rays proceeding from the objcfct, 
recedes from the glass; so that wlxm the distance of tbb 
object 16 double tfiat of the focii^, the image is painted 
exactly at the double of that distance; if the object con* 
tinues to appioacli, the image recedes more and morCi 
and when the object is in the teens, no image is formed; 


for it is at abSiifinite distance that it is supposed to form 
f. fl^ihTs case therefore the la^s wliieh fail on the 
gfe U, diverging from each point ot the object, are re¬ 
futed in such a nianacr, as to proceed parallel to each 

iy lEbe method of determining, lu general, the ciistaT^ 
tlie lens at winch tlie itUiigc of the object is formed, 
is a»follows. Let oc be the object (Cig.ili* ph llj, ok it# 


from the glass, and hr the focdl distance of the 
gk^; if we make uiw^ of tin** propoiuon ? as fo is fe, 
SQvjfc^F to taking eo ou tiie other side of the gla^ 
h^D it^ grater than ef, the point q ill be that of the 
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to rwhich the point 
am, will cormpond. 

Honce it maiy be easily scen^ that ivhen the distance of 
the o^ect from the foeu^ is equal to^nathifig* the distanoe 
£G m&stbc indnite^ that is to $ay l^recan bs^no 
It mun ilUo be observed vrhen ef is greater 
ot when the object ib between the glassaiidue 
the ilUtance eg must be taken in a contrary directioin, oi: 
on this side of the glasSj as Eg; winch indicates that -lho 
rays proceeding from the object, instead of fbradng 4Mn 
imago beyond tike glass, diverge as if they proueedod £to|Q 
an object placed at g. 



of sit 

■w 



0/ "^^scopes, both J^t|fract^^g and X^ectmg, 


Of al) optical inventions, none is equal to that of th* 
telescope; for, without metiuoning the oumerona 
vantages derived from tfie common use of this wooderfol 
instrutncut, it is to it we are indebted for the most intcr^C-^ 
ing discoveriea in astronomy. It is by its means that the 
^mtiao mmd has been able to soar to those regions otiuer- 


wise inaccessible to man, and to exannne the principal 
facts which serve as the tbundation of uur knowledge re¬ 
specting ihe heavenly budicbi 

The lirst telescope was constructed in Holland, about 
the year 1609 ; but there u much uncertaipt^ip^xegard to 
the name of the tnventer, and the means'lliel^i^^loye^da 
the fortnatioti of his instrument* A dbsertittiod on tldi 
subject may be seen in Montucla^i History of the 
m^cs* We shall con hoc oei^lves at present to 
s^^tion of the different kinds of telescopes, both n 
ing and reflecting, and of the manner in which 
jwoduoe their effect. 



Cff Jt^racttTtg Telescopes, 

Ist The kind of telescope, and moat 
moldy used, ia composed of a conveat glas% caUdk IJi* 



ACT IM Q TftL-£SCO F !■;£ * 


m 


i^l^lhat the objecU, « 

COTtc^Flrane^^lled the ^e^las^y heeause it h nearest the 
eye* Thete -glasses must bo disposed Jn such a fnaoner) 
tbfet ther poAenor foam of tlic object glass sliall coipcide 
pil^the posterior focuaciCtbe concave glass. By fheani 
deposition, the appears Toagnifted in tite 

uie focal distance of the object glassf of the 

Thus, if the focal distance of the object gifup 
'10 inches^ and that of the eyeglass 1 inch, tlie instrti-* 
ffieat' vril] be & inches in length and will magnify objects 
10 times. H- 

This kind of telescope is called the Jiat^ivhint on accouAt 
of tlie place where it was invented. Jt b known abo by 
the name of the Galilean^ because GaMleo, bh4dng heard 
4f itj constructed one of the same kind, and by its means 
iros enabled to make those diitcoveries in the lieavens which 
have immortatt^ed his name. At present, very abort to* 
loflcopes only ure made according to this principle; be¬ 
cause they are attended witii one defect, winch b, that 
trbea of a coiisiderabk length they have a very confined 
field. 

2d, Tlie second kind of telescope js called the astroTia^ 
micaif because employed chiefly by astronomers. It ia 
compo^ of two convcjf glasses, disposed in such a man* 
faer, that.^d^^steriar focus of the object glass ami the 
ao|erior^^k^ ^ the cyc-glaav coincjde together, or very 
n^rJy so. The eye must be applied to a smaU aperture^ 
o^^istance from the eye-glass equal L<i tliat of its focud. 

^ |i^iU then have a field ii^arge extent, and it will abpw 
inverted, and magnified in the ratio of 
di^nces'of the object glass i^ind eyc-glaBS. if we take^^y 
way ^ cxainple, the proportrous already employcd^ thft 
telescope will be 12 inches hi length, and will 
mgiiiCy ig cimes. ^ ^ 

great length may be constru(^t«d 

a 2 
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Hf^'ordiiig to tlim con'ibti^ioiu 

mere to Iwve them of 15, 15, 20. and 30 feet. HiiygV^ft 
coHi^truciod one for himself of 123 feet, and fjevelius 
|)loyed one of 140, But the inconvenience which attends 
ahe use of such lonnr t(>le^cn[)^, in consequence of tboff 
weight, and tiie hciidiiHr tubes, hat ma^e tbeuj^^ 

laid a^idc, and another instrument more eotnmodii^Lhii 
been substituted in their stead. Hartsoceker made Sn ob¬ 
ject glasji of 600 feet focus, ivinch woiihl have produced 
an extr^rdinary effect had it been possible to use it. 

3d, 'Pbc incomenicnee of tl^e l^tavian tclcscoj>C3, which 
suffer ordy a small qtianritv of objects to be seen at oncef 
and that of tijc astioocinica] teleJ'Co[je, which represents 
them n)vertC{I, have iiiduced opticians to devise a third 
arrangenierit of glasses, aN convex, whif;[> represents tbc' 
objects npright, gives the same field us the astronomical 
telescope, and whicli i^ tljcrcforc proper for terrestrial 
objects: on tins account it is called the tirrcstrial telescope. 
It coTi'iists of a conv'ex Dbject glass, and throe equal 
glas^^^s. The [instenor focus of the object glass generally 
coincides with ihc anterior one of the first eye-glass; thf 
posterior focus of the latter coincides also with the ante¬ 
rior focui^ of die second] and in like inanuer the posterior 
focus of the second with the anterior one ^ die third 
the*postcrior focnis of whkh tjie eye ougjSt^ijji^be placdS. 
This instrument always magnifies in the the fecal 

distances of the object glass and one of (^eyfi-glaMes, 
But It may be reuddy teen that the length is increa^e^-^ 
tiqies the fiH;al distance cl the eye-glass. 

^'^h. The image of objects might be made to 
upright by employ ing OT>fe two eyt^-glasses: for thi^ 
pose it would be ttece^saiv tiiat the fiist i>huuld a 

distance from the fecui^ of the object gla^^a cqi|al 
ite o||n focal distance^ and dut the antertor the 

^ond should be at twice that distaacCi is 
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Ri^Acnifo usi 

witHtlt^ but ^xperience^|l£&s 

that, by thii» arrangement, the objects are somewhat 
deformed, for which reason it is no longer u^ed. 

Telescopes with 5 glasses have aho been propose, 
i^"t>rder to bend the raVs^gratinallVj as we may say, and 
8&^bviat^\ihe mcoiivcmcrtSb of the too strong refraction, 
tirhich aiiddenly uke:^ place at the hrst eye-glass^ amt also 
to increase the field of vision. We have even heard Of 
^the telescopes of tins kind whidi were attended with 
great success; hut we do not hitd that this coaib^ation of 
glasseii has been adopted. 

GtU. Some years ago, a new kind of trieseope was in¬ 
vented, umier the naino of the £irhrot7itffft% because it is 

p 

free from those faults ocrasmtied hv the ddlerent refrangi- 
%!lity of light, IVInch in otlicr telescopes produces colours 
and indistincrncs’'. The only ditfcrenc?e hot ween this and 
other telescopes is, that tlio object glass, itiste.id of being 
formed of one lens, is coinpose<l of or throe made of 
different kiud^ of glass, ninth liavc been ionnd by exp^ 
rierice to disperse nneqMully tiie dilHTom coloitivd ravaof 
which ligiit IS composed. One ol tiiest* glasses is of Crown- 
and the other of rtini glass. Ao onject glass uf this 
kind, constructed according to ceitain ilian. omous deter* 
ibined by geo^^etricians, prodai m its focus ua image 
fer than the common ones; tm wdneh ac* 

comfit ingr^^aller eye-glapses niav employed without 
aifecting t had imj net ness, as is mmlirujed hr cxjicrience, 
Tpjese telescopes are called ii\so it‘h''iCopes^ after 

tbiSl^namc of the English artist who in veined tliem. By the 
means, the Knglisb opticians cou^ti uct telescope^^f 
a WKieratc length, ivlncli arc crjnal to nihers ot a far 
and small ones, not much lunger than opera* 

I, with which the satciUtes of Jupircr may be seen, 
afe j^Lil'uii^er DuMorid'$ name at l^ans. M. Aiithcc&me^ 
aeosnling to the dimensions given bv M. Cbiranit, madd, 
c^taf, an achromatic telescope of 7 feet focai 


i. 
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dis&nce, which when con3|{)ared#nb a comtnoti^olM't^SO 
or 35 feet, was found to produce the same eflfect, ' ^ 
This invention gives us reasoi>.to hope that discoveries 
be made in the heavens^ which a few years ago muld 
haye apfkearcd altogether impoi^Ief It'fs not improb^ 
bie even that astronomers will, be able to dlscqi^er in'l^ 
moon habitations and animals, spots in Saturn and" Me^ 
cuiy^' and the satellite of Venus, so often seen and so oftett 
lost, 

, To accurate idea of the maikner in which 

scopes xtkgnify the appearance of objects, we ahalj 
by way of example, that called the astJononiical telescope, 
aa being the simplest. If it be tj^oUected ^hat a convex 
lens produces in it;^ focu^t an inverted image of objects 
which are at a ver^^ great distance, it will not be difficult' 
to conceive, that tlie object g]a<^& of this telescope M^ill 
form behind it, at its focal distance, an inverted imago of 
any object towards winch it is directed* Hut, by the con- 
s^uction of the instriitncnt, ihU image Is in the anterior 
focus of the cye-ghisb, to which the eye is applied ; con¬ 
sequently the eye wiil perceive it distinctly; for it is well 
known, that when an oliject is placed in the focus of a 
lens, or a little on this side of it, it will be seen distinctly 
through the glass, and in the same dirt^do^, The image 
of object, which here supplies its pljUW^Jqj^ng thHti 
inv^^Tted, the eye-glass, through wduch it 
not tiiake tt appear upright, and consequcitl^ the object 
will be seen inverted. 


regard to the ii is demonstrated, that the 


> 


which the image i'i seen, is to that under which 
ot]^cct is seen, from the srme place, aa tlko focal d^to^e 
of the object ghtss, is to that of the eye-glass: ben^ tba 
niagidfieU appearance of the objeer, ' 

l^rrestrial telescopes, the two first hdly 

the image; and tliis telescope thereiferf 
present objects upriglu* But having said 
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n^. I^wting Bj^^opes. ve shall now proce^ to 

Reeling otUiS* 

Of R^ectmg Telescopes. 

Those who tre wet! acquainted with the manner in^wfiicli 
ji^^ts are represented by jfommon telescopes, wil! readily 
eonceire'lhat the same ejfeet may be product by reflec¬ 
tion I for a concave mirrorj like a lens, paints on iis- focus 
to tmdge of distant objects. If means then are found to 
ffflect the image on one side, or backwardfii in ^uch a main 
ner as to be made to fall in tfie focus of a coj^ex gl^^t 
and to view it through this glass, wo shall have aTcflecting 
telescope. It need tj^efore excite no surprise that be¬ 
fore Newton, and in tl« time of Descartes and MersennOj 
telescopes on this principle were proposed. 

Newton was led to this invention while endeavouring to 
discover some method of remedying the want of distinctness 
in the images formed by glasses; a fault wliich arisesfrom 
the diflerent refrangibllitv of the rays of light that are de*' 
Composed. Every ray, of whatever colour, being reflected 
under an angle equal to the angle of incidence, the image 
is much more distinct, and b<.Htrr tcrminritcd in all its 
parts, as may be easily proved liy means of a concave 
^irror. On tins account he was able to apply an object 
glass which would produce a greater magni.^ 

;■ and this reasoning was confirmed fey ex- 

Newton never constructed telcst opes of more than 15 
Jbiches in length. According to ha method, tlie mirror 
placed In the bottom of tile tube, and reflect^the 
image of the object towards its aperture: near tbisj^r- 
tQre was placed a plane mirror, that ies, the base of a. small 
ill^eles rectangular prism, silvered at the back, and'in- 
ebned at nn angle of 45 degrees. This small nprror rev 
the image towards the side of the tube, where there 
a which was fitted a lens of a very short 
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focal dietanccj to Berrcas t|ie eycijtess, Th^fejectS^bcft 
was view'cd fioiii tlie sidtfj a Tn^.tb(Klj in many casAs^ 
ceedin^l^ convenient* Mr, Hadley^ a fellow of the HojH 
Soc^etv^ constructed, in the year 17S&3, a telescope of thU. 
kind, B feet in lenjtlij which was {bund to produce the 
same effect as the tflescope of 123 feet, presented to tbftr 
Royal Society by Huygens. 

7'he reflecting telescopc^j, used at j^re^ent, are con-* 

, structed in a manner ionicivfiat difl'emit. The concave 
mirror^ at the bottom ot the tube, Ims a round hole in th# 
middle, ^id towards the other end lEi a iiilrrot', tiometimea 
plane, turned directly towa^rds the other one, srhich,.re^ 
edviug the image near tlic uiidi^of the local dis^tuncCj 
reflects it towards tite hole in ^ht'^nthesr mirror^,'" Against 
this hole Is applied a len^v of a slmrt local clrstancc, which 
serves as an eye-glass, or for viewing terrestrial objects, in 
order that they may a[>]KMr upngfit; and three eye-glasses 
arc used, arranged tn the same uiauLier as in terrestrial 
telescopes* 

A telescope however may ho made to luagiiify much 
more by tiui ifillowing cutihtnictioiu The large minror, 
ns in all the otherH, is placed at the bottom, and hasahoie 
in the centre, before which ilic cye-ghiss is applied^ At 
the other end of the tube is unoiher cun cave, mirror, of;^ 
]cs£ disUmce than the furmcr, and thiA; 

the^^age reflected hy the former Ls paiuteSi^l^^tMiar It# 
focus, hut at a little fartln r distance than theWCU!!, froqi 
its surface. TJii^ produces anetther image beyond llwS' 
centre, winch is greater a.' the brst one nearer the focui;^ 
thiaoWge is formed vt ry near tlie hole m the centre o^t 
the wgc mirror, opposite to winch the e 3 'c-glass is in 
general j^laced. 

This kind of reflecting toh;scope is called the Grego 
beCauflO proposed h\ Mr* Jamoa Gregory, cyen before 
Newton conceived the idea of his; and it 4 *bi!^ kind 
which is at present moat in use. ^ 
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^ ih^ teletype of,Cas9«^rainj who employe 

UHWvax Diirror to niagnilTv the formed by the first 

tmcave one. Dr, Smith thoujrbt it attcndeil witii,ju>^many 
^pantages^ that he was induced to analv^^e it in his I'rea- 
tUe on Optica, Casadgrain waa a French artist, wht> pfo* 
ppsed this method of consttaction about the year )665| 
and nearly at the sumo tiino that Gregory proposed his;. 
It U certain that the length of ttie tcjescopo' is by these 
Epeans considerably diniLnished, 

.The English, for a long tiincj have enjoyed a snperiority 
111 works of this kind, Tiie art of cohtmg aiid\^liahti]g 
the njetallic mirrors, nece^siLry for the^ic initriinicnts,Ta in* 
deed exceedingly ddK^lt, M* Pa^'^OlTlf*nt, a celebrated 
French artist^ ahd the Sifblhei>p Isanti and Gonichon^ opti* 
clans at Parw^ arc the hr'st who atteiujited to vie with them 
in this branch of inaMufaeturc; and both (uve constructed 
a great nunihcx ot reflecting tclchcopes, some of which are 
5 or 6 feet in lerigtli. Among the KnglJ'»li* no artist dis^ 
tinguished himself more in thisresfjcct rban Short, though 
his tdejM^opcs wi re imt of great length ; besides some of 
4, 5 and 6 feetj be niEtclc one of w hicii belonged some 
years ago to the jibysician of Lord M.ieejesficld, Uy ap¬ 
plying a lens of tlie sboitesi focai d^Htanct; winch it could 
bear, it magpified about 1200 times, 'i"he saiejlites of 
Jupiter seen tlirough thi^ Teh;^>cope, arc i^id to 

havehaA^^^ifile apparent diameU i^ Ihit this teloM)^, 
as w« ha^e is no longer in cxiiieiice, llie large niir- 

rcAr bcLMg Jo^t. 

-The longest of all the reflecting telescopes ever yet 
^^i^trueteii, if ive cxcefit that lately mailc by 
orie in the king's collection of phiJosophical and 
infitnimeuls at Ja Mcuic; it is tiie work of dnni hfoel, a 
BeirtSlj^ctjne, the keeper of the colIcctUm, and was begun 
several -years before he was placed at the head of that 
estahlifthmcnt, where he fiindied it,*and where the curioqs 
wcf^^bwcd to see u, und to contemplate with it the 
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heavBfM. It U lixMted on a kiail 'of movoai^ 
and, notwithstanding its eooimous weigbti can be mo^ 
in every directioti^ along with the observer, by a 
simple mecbanisnip But what woul^ be most interestitig, 
is to aflcertam the degree of its power, and whether it pto^ 
duces an edWt proportioneil to its length, or least eoiibi 
siderabiy greater than the largest and best refiectlng tele- 
icOpes constructed betore) tor we know that the 
of these ini^triniieuts, sup posting the same excellence ii^i 
die worlunan^hip, do npt increase in proportion to the 
length. r 

Huygens' telescope of 143 feet, w'hich he presented to 
the Royal Society, did not: produce an elfcct tj^iadruple 
that of a good telescope ot 30 feet; and the Cttse mutst be 
the same in regard to reflecting teles^copes, where thedif^ 
ficulties of the labour are stiJl greater; &o that if a tdei 
^ope of 24 feet produce one half more efieci than another 
of 12, or only the double ol one oi 6 feet, it ought, tn out 
Opinion, to be coiisidered as a good mstramenU 

We have heard that dom Noel was desirous of making 
this comparison, and the methwl he proposed was rational. 
We have Jong considered it as the only one proper for 
comparing sneh instruments. It ls to place at th« distance 
of several hundred ket printed characters of every ittStf 



,,in orU^ 
aa^sted 



f-Cpmpwing barbarous words without any 
tbkir'Uiose who make the experiment may 
by one or two words to guess the rest* The telescope by 
means of which the sm^dlcst characters arc road, will Qn- 
doji^tcdly be the best. Wc fiavc seen stuck up, on 
of the Hospital of Invalids, pieces of paper of f 
kind, which dooi Noel hr, I placed there for the purpose of 
makif^ thb comparison ; but unfortunately such iostro- 
mieiits cannot be brought to one place. Printed CbaiAfeterfl^ 
.-dlich as above described, might therefore be fixed Bp at ft 
'^eonvenient distance from each, without removing the in* 
strumeiits, and persons, appointed for the ptirpo^jiS|||p||^ 



TEtESC<^ja»« 

1 ^ diilbreiH'ob 3 «rratorie>,%t i\aiea v>li«n the 
Hfilktber is eiractiy siimliir, and esfamine what charaetur* 
C^1>e ifead by each telescope. By this method u positive 
to the aboi^ qjlestion would be obtained* 

> largest, and the most powerfui,of all the^eBecHng 

t0i]^copes, Imve been lately made by Dr. Herschel, ^der 
tlio auspices of the British monarch; a consequence of 
widcb was the discovery of his> new primary planet, and 
qf many additional satellites. After a long perseverance 
iif% scried of improvements of roBii^ting tejescoaqs, of the 
Newtonian form, making them sticcessively i^er and 
nore accurate, this geutletnan came at length to make one 
of the aiga^ing size of 40 feet in length. This telescope 
was begun m the year 1785, and completed in 1789, The 
length of the sheet iron tube is 40 feet, amldiatneter 4fcrt 
10 inches. The great mirror 1^1494 inches in diameter, 
3f inches thick, and weighs 2 [ ISIK The whole is managed 
by a large apparatus of maebinery, of wheels and pulleys^ 
by means of which it is eaf^dy moved in any direction^ 
vertically and sideways. The observer looks in at\he 
outer or object end; from whence proceeds a pipe to a 
smalt bouse near the instrument, fci conveying informa¬ 
tion by sound, backward and forward to an assistant, who 
tbtts under cover sets down the time and observations 


ol^rver. Tht^ eon5equeiHieiri«f 


thir, an<F9l^j^cr powcrfnJ madiii^os of this gentleman, 
have been new disscoverics in the heavens of the most im¬ 
portant nature, "v 
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Meikodf of cmsirucHag a Itksd^e^ hy vutuis of i/^hkh-an 
objef* may be seen^ even whai the vuli'mnent up^rs to 
ie iiricted towards another. 


As it IS not polite to gaze at any tone^ a sort of glass has 
been laronted in England, by means of which, when the 
pqgOilfvrito^iim it seems to be viewing one object^ he if 
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really looting at archer. The construction of 
meiit IS very simple. ' ^ 

Adapt to tlic end of an opera glass (ftjg. 40 pL M)\ tW 
object glass oF whicti in tins case useless, a tube 

with a lateral aperture as large as the diameter of the tuie 
wll admits anil opposite to ihU'aperture pUce a fioiall mir¬ 
ror inclined to tiio anln of tho tube at an angle of 45 d6^ 
greesj and 'having its l efleotiiig 'lurface lamed towards t{i4 
object glass* It IS evid^’iit that when tnis telescope is di¬ 
rected aupight fiirwarti^i vou will see only some of the 
lateral ohject^, viz, ihnse situated near the line <irawii from 
the eye in the dirccinm of thu a sis of the telescope and 
reflectsid hy the rnnror- Those objects ill appciir up¬ 
right, but traiispiisod trniii ri^ht lo loft. To conceal the 
afhifice bettor, the fore jvrt ol the teiosenpe uiay be fur¬ 
nished with a plane glass, winch will have the appearance 
of an object gintss pLiced m usual nianner, 

frids instrument, which ts not very ct^maion in Frunoei 
li^CTicecihtigly coiivcment for graufying one’^ curios ty in 
the ^playhouse, and mher places of public amusement, 
cspeciutJy jf tin? nnrror he so ^l^ed, as lo be siisceplible of 
b^ing'^tnofc or. iesa inclined, for those who use it, while 
they secni to look at the stage ^Kd the perfnrrn^s^ naa-y 
without aflectiition, and without vLolating (.Itc tule^ jf- 
'politi^ess^ examine interest!^ figure ' 

We must howevei ohst'rve tliat the first idfnt m tins in- 


struTiiont is not very n^'w , bir the celebrated Hevetius, 
whn it s<;-em& was afraid being shot, proposed many yeans 
poierjiostiipCy or t^■k■^copc for viewing under cov'etfjt 
limit d.iTiger, wai bke opcrariims, Hnd^thoj^c in p^' 


ticttlar w 
ConsislOT 


hid I lake place luring the time of a siege. It 
of a iLibe bi.nt in such a manner as to form two 


elbows, in each of hIihIi was a plane mirror inciined fit ail 
angle of 45 degrees* The first part of the tube Vas^riA^tcl^ 
t^feyrest on the parapet towards the enemy ; ilie intage re^ 
ftccted by the first incUaed mirror passed throogb 
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in^'^^rpeifidicular di/ection, ^ukI wUh the second 

If^rror was reflected iiorizontally towards tlie eye ^lass, 
wjljere the eye wasi^appJted ; by tticse uieanB a person 
hind a strong could sec wfiat the enemy were 

doing without the Th^ chief thing to be appre¬ 

hended in regard to this instrument ivus^ tjiat the;,t}bject 
g 1 as 3 might be briikcn bv a ball; but this was eertaiJhJy a 
trifling piisfortuLiei and nut very hkely to happen^ 

0/ 3ftcrosco^es. 

Vfhat the telescope has pcrl'orf^d in the phil^opby of 
the bea^^nly bodies, the microscope h^is done jn regarcl^o 
(hat of the terrestrial; for by^ the as^isUoce of the Utter 
we have been able to discover ark order of bemgs which 
would otherwise have e.^eaped our notice^ t<3 examine 
texture of the smallest of the pioductioo» of nature^ and 
to observe plienomona wlncli take jiface or>Jv among the 
|j|^ost minute parts of matter* Notliing can bo oiore curl- 
OfiS than the facts whicli Ijavc been asccrUuucd by the asw 
distance of the microsco]ic': hut 111 tla^ pait of scil^uCc 
much still rcniains to be done. 

There are u\ o kinds of niicroscnjii-s 3 sitnjdc and cai|]i«' 
pound tj wc shall speak of bc^lli, aii'l begrii with th^^oruicr^ 

rt(oa|,EM X f.vi, * . 

^ j ^ 

^oinniruetitig a siuj^e^^nkToscope. ^ 

I* Every convex lens of a i^horv di.sraiKc is a mi* 

croscope ; for it ii 4 shown tliat a lens n*agnifies in the rati^ 
the focal distance to the least distance at wfiicli th^joo-^ 
ject cun be placed to bu distinclJy seen • m hiciij in regard 
to most men who are n<it short-sighied, is a'mut S Jiiolies* 
Thus a ictiJ', the focal dtsturicc ot \s[iich is 6 lih^i will 
tuagmfy the dimensiaiia of the nbjevt IG timis; if its focal 
diltance be only one line it will magnify D6 nines. 

It is difltcidt to construct a len^ of so short a focu^f 
necessary that the radiua of cacli of its convexide:^ 
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should he dniy a 1^- for this^reiuif)4) stnaK 
fused at an enameller's lamp, or Hits flame of a taptert^;ji|& 
employed in ilieir stead. The method by ii^Mch thin 1» 

donOf aa follows* i t ' ti,. 

■ Break off a piece of very pure irati'^parent gta», 
hj means of an instrument made for that purpose/^ the 
vards of a key'; then take up one of these fragments by 
applying to it the point of p needle a little moistened wUh 
saliva, which will make it adhere, and present it to the bhi^e 
flame of a taper^ which iHiiust be kept sonaewhat incHned' 
that the'ftagment of g^^ss may not fall upon the wax^ Ail 
s^n almost as it is held to the flame it will be fused intn^ 
round globule, and drop down: a piece of ^apef thlflte* 
fore, with a turned up border, must be placed t^w', in 
girder to receive it. > 

* It is here to be observed that there arc some kinds'of 
glass which it is difficult to fuse; in this case it will be nA- 
cC^sary to employ another kind, 

Of these globules select tlio brightest and roundest; 
the^take a plate of copper, 5 or 6 iitclics in length,' and 
about 6 lines in breadtli, and having folded it double, make 
ft hold it sddle.what less in diameter than the ^obulo, 
ftpd nie^'tip'the edges. If you then fix ono-of'tbe^ 
globules in this hole, between the two platetf,'and 

together^ you wil^ave a siug|4;^jl|Qq|OSGO)rt^ 
Asit U easy to obtain globules of ^ dfjllwima line in 
diameter, and as the foens of a glaiis globule At ihe 
^tance of a quarter of its diameter without it, ftre 
. envied by this process to magnify objects in ft Very 

for if the diameter of the globule^ onl^^ttA^ 
byifemjrfoj^itig this prop'^rtion; as of half a ]in&|Or^4f 
are ^^$6 lines, so is l to a fourth term, we sba]]')iave fts 
fourth'term the number 153, which will exprAs^^fhft "Ift* 
^^rease of the diametet; of the object* The object/ tbArt^ 
in regard to surface will be nrngfiiiied S34O0 lAtwi, 
ftftd in regard to solidity 35Slfi77 times. 



uicjiMcoTni« SSd 

Lewf Bhoeck, fto wo^norSKn wocomt 
f^jjji^ taicroflcopical obaervatioiks^ never employed nucro* 
^opci of sifiy other bjiKl» however ci^tain that they 
are attended with ina^ iitconvenienccsj and can he used 
only for objects wldon ara tru|i«parGnt, or at leaat serai-' 
transparent, as it may he readily conceived that it is nut 
pOMibie to illuminate a surface which is viewed in any 
other way than from belitud* ,By moans of these micros 
scoped Lewenhoeck made a great number of curious ob- 
serrations, an account of which ,wi]J be found hereafter^ 
Ultderthe head Microscopical Ob^^vations* 

HL The water microscope of Grav, which is mutth 
siraplef^^may be constructed in tlie following manner. 

Proyi^eTE plate of dead, j ot a line in thickness at inost^ 
and make a round bole in it with a needle or a large 
pare the edges ol' this hole, and put into it, wjth the point 
of a feather^ a smuU drop of water: the anterior and pos^ 
Ufior surfaces of the water ^\\\ assume a convex spberi^ 
foriUi and thus you will have a microscope* 

The focus of such a globule ls at a distance sonnetiri)^ 
greater than that of a glass globule of equal si^u; for the 
foeus of a globule of water is at the disupce of the 
i^Di itijaurfjce. A globule of water iherelore, |- ar|ine in^ 
dtapiotef, "Will magnify only 1^8 times ^ but tins dt'bciency 
tMtiiiUy by the'ease whicli a glob(^t^;of '’ 

any diaiimeri however small, mayd^e oWiiied. 

If water bo employed in w hich icavi s, w'ood, popper, 
flour has been infused, in tJie optm air, the uncioscopc wiJjL:' 
bjp both ob^ct and instrument ; for by this means tJic smojt ^ 
Qltcra^opic awmals which the water contains w'jK 
Mr^ Cray was very much astonished, the first umCi 

Hus phenomenon i but it aflenvards fx:LuiTed^d bun 
that the fh^sterior surface of the drop produced, iu regard 
tutliQSG animals placed between it and its focus, the &u£ne 
efitbu aa a concave mirror* and magniRed their imaga^. 
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^bich was^^ll cfilftrged by the bind of do^^^ens 

of tbe a-ntcrinr surface.' ‘ 

IVn Anothei; kind of microscope may be al&o procured 
at a vt^ry smair cxpence^ by making a hole of about the 
fourth or the fifth part of a line in iclTamcterj in a cdtd or 
very thin plate of If very small object? be y tewed 


through this hole, they \v]\\ appear magnifieil in the ratio 
of theii*'distance from the eye, to that at which an object 
can be distinctlv seen bv^tbe naktd ci'c.—This kind of 
microscope is [inich cauoiled in the Journal de Trerwaj?; 
but we must confers tb8^ we never couhl pec small objects 
distinctly through j^ocli holes, inilesA at the distance of an 
inch or ftalf an inch ; and even then they did not appear 
to be much magnified. 


PltOnr.EM XLMK 

0/ Compound MiOt\mopes. 

e compound miciO'icnpe consists of an object glass, 
^bich is a lens of a very short Pncus, such for f^xample as 
4 or 6 lines, unrl an eye-glus^i of 2 inches focusj, at tho 
distance from it of aboni 6 rir 6 inchc'.. The object must 
bo placed a little bi yond the focus of the olject gbtsSj and 
the distance of the eve from the eye-ghiss might to he 
equal to the focal distance of the latter. Hn\ing fcritied 
jjuofl ^combination of glusses, if the object be made to ftpS- 
p¥d||Ch gently to the cbjt'tt glass, iliero will hc b. certaia 
point at winch it wih iippuar to be cooiiJerably magni¬ 
fied. 

4 a 

’ If the focal distance of the object glass be 4 lines, for 
etetople, and If ilie object Im 4> hue- from it, th^ image 
be formed at the distance of 64 lines, or J inches 4 
litief-Vdt will thernforo be times as large iis the object, 
for 4^ to 41 nearly as 14 to 1. li the fi>cai distance of 
the eyeglass, in Lite locus oi whiL)i thii huage is farmed, 
2 ioches, it will magnify about 4 times more: but 14K 4^ 
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expresses ti>e nunjbor of fiiDes the dta^ 
tueter of the objoct will ^pporiir to be niiignificd. 

If you arc destirou;^ that it t^houtd not magnified so 
muchj remove gradual!}^ the object IVoni the object glass, 
and bring the eye*glass nearer^ the image will then bo 
seen not so large, but more distinct. 

Oil the other hanJ, if you vii.h it to be magnified more, 
move the object gradtiaJly towartls the object ghuss, or 
move tlie fatter towards the object, and remove the eye¬ 
glass : the object will tften appcar.uiuch Jatger; but there 
are certain I nints beyond winch everything seems confused. 

itj!>Load of one cyc-gU',s, two are sometimes used to in- 
ert^e the field of vl^lon ; the first of which bus a focal 
distance of 4 or 5 inclics, w]ii]e that of the second is mucli 
Jess; blit thl^ IS still the same thing. The image of tli^ 
small object be placed, m regard to this compound 

eye-glass, ui the sjiine point wliere an object ouglit to be, 
to be seen distinctly when viewed throimh it, 

A concave object glass nngbl be einploycd, by malciu^ 
iu posterior locus coincide waili tltc image: tlu^ vvou3 
form a kind of imcroscope sum la i to the Bai avian tole-r 
scope; but it would be aUended unh the SRiUO inconvC’* 
ijif:nco, that of huvuig too central iiil field, 

Tliere ar^ abo retlectir^g micfeoscopc'- as well as telc- 
scopci: the principle of both is tlie same, a miniito object 
placed very ncai tlio l ocus of a coiic.c mirror, and on this 
side ijf iij ui regard to the centie, r. Hec^^ an imago of it 
beyond tlie centre; auiil this image will be larger lh& 
nearer il js to the focus. The image is vu-wed through a 
convex Jenii, and in tbi'* kind of uncrosoijpe an object 
ot a mueb shorter focus may beemnloycd, wdiicli will con¬ 
tribute to the aniplification of tlie ohji-ct. 

Every tiling relating to ibis subject may be foundin a 
very curwnis wmrk by Baker, entitled the AIu t'o^copt made 
easy. The reader may conduit also Smithes Optics, Fart 4* 
Thew; works, and particularly the tirst, contain a-great 
YOL, IL u 
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vari(>ty of curious ^details iexpecting fhe mediod ldf'fenT- 
ployiug niicrnscopcs, anrl the ob^ervatiotis made by mean^j 
of them* Seajitlso Essais 4e F/ii/siyue de Muschenbroeeje. 

We iniend to give an account of the mobt cunmiB oh* 
servations which have been made hv the as^^tance the 

T 

XTiicroscofie; hut to avoid coniVtstoii wi* bhall reserve that 
article the end of this part of onr woik, 

PRODLtlM XIA III. 

ji very simph meiht>d^^asen't^ming the real m<ignitude ^ 
nbjccf&^ H^ ihrou^h a miermi'^pe^ 

It is often osoful, and may sonietiTiies ;.:ratify ciirioaity, 
to bp able to determine the real magnitude of CiSftain ob¬ 
jects examined by means of the microscope: following 

very simple and ingenious method for tliis purpose was- in* 
vented by Dr, Jurin, a celebrated philosoplierj and a fellow 
of the RoyaJ Society of London, 

;Take a piece of the linebt silver wire possible lo be ob- 
'^.lained, ami roll as close as you can around an iron 
cylinder, a fexv inches in length* It will he necessary to 
cxatnme it with u microscope, in order to discover whether 
there besany Vacuity or opening between the folds; by 
these means you will a^cruun, with great precision, 
diameter of the silver wire* For if wc suppose that tb^^ 
turns in the space of an inch, it is evident Oraf 
tlwmiaiiieter of the wire w ill be the 520tb part of an jneh^ 
a measure which cannot be obtained in aiiv other manner* 

b b 

^■jL^Then cut this silver ^vire into very small bits,and scatter 
'« certain quantity of em over the small pLite on which 
the objects, -iobniitted to examination, are placed if you 
look a^these bits of wir* along with the objects, you will 
be comparing them togetber, to judge of the' 

jize^ the latter* 

pit was'hy a similar process that Di* Jurin dotermined 
\ size of the giobu/es which give to blood its red colour* 
lie first found that the diameter of his i^lvcr wire was the 



MA^tC FICTURBS^ 


243 


44^wf^rtor artuKli, tlien judged by companion that: 
t[ie diameter of a red globule of the blood a 4th part 
of that of the wire; frgiii wEtielj he eoiiclil|i^ that the dta- 

nteter of the globule was the t940tb part of an iticlK 

+ 

tkobm-m XllX- 


To co^ufruct a A/aj^ic Picture, w/itih hcing seen in certain 
jtoitii, i/umi,i/t a ^fass, Ahafi ejcfahii ati ohjccT different 
Jrom that Aem with the naket!*e^e. 

As this (}]>t.ical [irohleni is l;^y means of a glass cut 

into facets^ or wIiaL is ealled a plying glass, w'c shall 
hrst cxplohi the narure ol ^tieh glasses. 

Multjplj'iiig glasses are generally lenbes, plane on one 
^:de( and oh the oiher eiit into several facets hi the form of 

''H ^ 

a poli’rdron; ofthUkiud is the gLiss^n^presented tig 41 
^nd 42, ]dnte 12, ^^In^ie it u seen ui front, and alsd edge¬ 
wise* ft eunsiMs id' a plane fiexagoiiEd facet in tlie eeiitre, 
and SIX tj'a|je/Mniis arranged loond the clrcumrerence, ^ 
TliesO glasses h.ive the [iroperiy of representing tbe 
object as inimy limes as tiiere aie lat-ers; fur if we suppose 
the object to be o, ihe tii\> w Inch pioc: ed from it fall upon 
all the fkccta of the glabs ad, nc, < a. Tho:>o ^bieh tra^ 
iiTse tliy facet nr, pa:s ifirongli il through a plane glass 
interposed bitweon tSie eve and the object; but the i^ys 
th^t pro^o^ed fiiHii V, to the mol mod facet ao, OMpeFietiC^^ 
ft double refiaU'mi, w hicti m.ikes t-n n converge 
tJifi aXI'* Oh, TieN+rly a', tfiey would do d tlir-v fell upon the 

sjduTioal ‘jurftieCj m whieli the glasb j>olycdron might be 

■■■ 

iiiscrihed. The eye, being placed in the common point of 
concursi^ncey^^ev the ponii nt w, in the cn-inauatiort^of' 
the radius kf ; ctnise^[iieiuly an nr . of the point 
fereiiL from the fujiiier, will be observed, As tt^'j^uic 
tliitig tukes place in legard to each facets the object will 
be ^Qtn as m^ny timc!> as there are facets ou the glasb, and 
in diffentm places. 

N<^w' if we suppose a lucnliinus point m the axtti of 

K 2 
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glass, and at a prosier dlsrance^ all the rays whictetStoci 
one facet will, afjcr a double refraction, proceed to a piece 
of ^bite pape^i^luced perp^dicuiar to the axis continued, 
and paint on it au image of that facet of a greater or less 
and which at a certain distance will be inverted. 
CoiiseqiKmtlvj if we suppose the eye to be subsUtiited \rw 
stead of the luminous point, and that the image itself is 
Jutninoiis or coloured, the rays which proceed from that 
tmage, or part of the paper, will terminate at die oye; and 
tliey \vi/[ be the only that reach it after experiencing 
a double refraction on same facet: If the like reason-^ 
ing be employed in regards to the it tnay be eaaily 
scen^iirat, when the eye is placed in n lixed ^olbt| tt wiil 
observe through each facet only a certain of the 

paper, and that the whole together will fill the field oi 
vision, though detached on die paper; so that if a certain 
part of a regular and continued picture, bcpainttjd on each, 
they will all together represent tliat picUitc. 

^ Tile artifice thuii of the proposed magic picture, aftei 
having fixed the place of the eye, that of the glass and the 
field of the picture, is to delcrmine those portions of the 
picture which shall alone be seen through the glass; to 
paint upon, each die determinate portion, according to a 
giy^ subject, such jioriratt, so that when Ut^ted 
may produce the painting itself; and 
to fill up the remainder of the field of the picture 
i^ntb any thing at [dcasure; but arranging the whole in 
£uch a manner as to ffirrti u regular subject. 

J'* Having dius explained die principle of this optical 
iiwnsem^^it, we sliall now show liow it if^to b^..put in 
practice* 

tig. 43 pi- 12, represent a board, at the cx* 
tref)4t^ of which ]«$ fixed another in a perpendicular direc*' 
having at its tHiges tivo pieccji of v oorf with grooves, 
(^’receive a piece of pasteboard, covered with w hite paper 
'or canvas. This pasteboard, which may be pushed in or 
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dru^ftt^ut at pleasure, is the Beld of ihe intenJidi picture: 
EDH ift a Tentca.1 boards the bottom part of wIilcEi must be 
contrived in* such a man tier, that u can befhjrought nearer 
to or farther from the painting; and towards the upper 
parf^t ia furnished with a tubei^hayiufr at its anterior ex> 
tremity a plaas cut into facets, and at the other a piece of 


card, m which is a small hole made by means of a needle, 
and to which the eye ts applied We shaJi here suppose 
the glass to be pUne on one side, ^ind on the other to con¬ 
sist of SIX thorn bold a I faceti^, pUc^ around tJie centre, aiKl 
of six tnangular oncb which ocOt^py the reuiainuer of the 
liexiigou. 

Wh^ntwe^ thing is thus prepared, fix the supporj^fiuii 
at a certaht distaiice I mm the lield of the pictuiv, accord¬ 
ing as you are dosirou'? that tfie parti* to he delineated 


should be itcarei to or farther troui each olhcr* But this 
distance oiiipfit, at jca^t, to be 1' lime^ the diameter of the 
sphere lu \ilufli tEie ]joiycdron ot the glass could bo 
scribed and the distance of the oyr frum t}ic ^lass niiiy bM 
CMjual to twice that diainetcT. Tlien place the eye at tfle 


hole K, the dii^iaoce ornhieli ims been thus detenmned, 
and wuh.a!*tick^ having a pencil at t he end of it, if^e hand 
cannotT^ach tlic pasteiioiird, trace* jut, in as light a man- 
uer as pos^Hble^ tfie outline ol the space observed through 
01^ facot^ and clo llic same thing ui regard to 
This fjfievfttitm will rcquiie a great *!,'al of accuratj^ftTfd 
j>atience ; for, to lemlei tho wcirk pei tcct, no fjerceptiblc 
'interval must be left between the two sjMCes seen through 
two contiguous facets r it ^vill be beuer o:i die \\ hole if they 
rather c^criiaph a little on eadi otht?r. Taro must ahobti 
taken to mark each sjiace witli tli - same ninnheras that 
afisigcicd to eacli facet, iii order that they may b^;^atii 
knowOp This however will be easj% by observing tfiiif the 
space cortex ponding to each faccf is always traubferr^- 
parallel to itself from top to bottom, or from right to 
on the other side of the centra 
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The next thing is to delineate the regitkr pic 4 i|i(^‘'in- 
tended to be seen, and to transpose it into the'spates 
where it appe^^ distorted* According to math era atica! 
accuracy it w‘onld be necessary' for this purpose to form 
a projection of the glass cwt into facctF, supposing tlw eye 
at the distanre at which k te really phicorJ; hut as we sup¬ 
pose it a little more remote, we may without any ‘^onsihle 
error assiime, as the field of rhe regular picture, the vorticat 
proketion, as seen fig. 44 n^ 1, whore it is represented' 
such as it would appe^^e the 03 c placed perpendtcnlariy 
above its centre^ and nt » very considcrtibtc distance. 

Delineate in the field, \Ahiclt in this ease yiri)l ho Kex- 
and composed ni 6 rhomboids and fi any 

figure whateverj as a portrait for exaipgfe, afttStfeli, con- 
sideriitg that tte sjfjjke obi:d is that wb>rc the' fJwtion of 
the picture iniivhcd^T ought to aj>|>car, it must he trans^ 
ferred thither with much care as possible ; do the same 
thing in regard to tlie rest; and by the.-.!? means the pi inci- 
ew 'part of the picture will he completcif* But^as it is 
intended to shew somctlnng else beside what ougl^t to be 
seen, it must he Uisgiused by mraiis of some other ob¬ 
jects panted in the remaining part of the field,^making 
them to harjiioniac with vhat is already paintedpn 
mai^ncr, tliat the whoje^ yhall appear to form ote 

buhJeeL Ab this fiowcver must 
and genius of the a rust. 

In the Perspective curku$<i of father T'Jitcron, a much 
yipre minute explanatoui of the ii^hole process may be 
^ lound- Those to uhom ;vbat is here .said does not seem 
^^fficicnt^iiiust cimsiuit that work. IMicerop tliat 

he Hx^uted, at Paris, an< iljcpoi»itj;d in the library of the 
of the Place Royalc, a picture of tlui»kind, whicti ; 
wh^4 with the naked eye represented fifteen portraiU"^' 
^ Turkish Sultans j but when viewed ibrouglf ttie gloAS 
the portrait of Louis tlie I3tb- 
A picture by Amadeus Vanloo, much more ingetliont^ 


* 
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wiid^l^^a iu th^ m the exhibhi 

Boyal Acadtmv of Painting. To the imkeJ eye, it was 
an aliegorieJ picture, winch repre^^ented the Virtues, 
wutt Uicir attributes, property grou)>cd ; (tut when s&en 
through the gieLss, it exhibitedportrait of the 

15th. 

Rbmaeks.—'‘ 1‘it* It is necessary to observe that the 
place o^' tlic glints, whert once fixed, must be invariable; 
for as glasses perfectiy teguUr caormt be obtained, if they 
are moved it will be almost impqss|ble to replace tfietn ia 
the proper fioitn ^ hence it vviU ^^'ti^esaary to be (iSvSOrcd 
that the gjas^^ is of a good rjtialiU'; for if it be toonlLtline, 
and happap .to lose it^ polish by the contact of the air, 
anothei^^^^P^Ie o£ producing the same canni^ be 

substitute in its ^eud, Tliis is at^njaccident which, ac-. 
cording to wdiat /lavo heurd, hap^heifto the glass of 
Vaa]oo*K pictuie- 


2ii. Instead of a like that employed in the above 

example, or of one more compoundetl, a ]>laiii pyiamid^ 
glass be employed, ivliicb the problem xvould Be" 

greatly simplihed. 

3d, A glass, the portion of a pnsm^ ciK intg a great 
number O^f planes par^Hel to its a^ii, mi^ht ulw'be em* 
ployed;'in thi^ case the painting to be viewed tlirough 
glass oiigiit to be delineated ob pariillet bands.' 

4tlL A sJass tnmbt be )armed ip''' several CQItb^ttriC ^ 
conical siirfaers, or of several spherical -surfaces ofdinS^ent 


diamcteri^, likewise concentnc : m tins tasc the picture to 
be viewed through the gUtiS ought to be dUtnbuted'Iti 
diifer^gt concentric rings, 4 ^ 

5tli/ A magic picture migltt be formed by reflection. 
For tbi^i purpose, provide a metal minor with fai^^well 
pQlUhed, and having very sharp edges; place it, 

m a direction parallel lo its axis, a piece of wliue paper or 
card, and by means of the prin^iplcb above ex 
4^neate a picture, which wlien viewed iu from 
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naked eye slibil} represent a certain subject ^ if 
make a bole In the midilU; of the picture, and look tfirough 
this bole at tlm image of it formed by the mirror^ it will 
appear to. he entirely different. 


PRallLEi;^ L. 

7q cmiUrnct u Lanteim^ of which a book can 

read at a grmt di^itincCf at night. 

Construct a kmtrrn of acyliudrie form^ or shaped like a 
small cask placed icngthvi'jse, so tiiat its axis t>hali be hori¬ 
zontal; and 10 one end^-of it fix a ]>arahoIic nnrror, or 
meiely a sphcricid one, the focus of which falls about tbe 
middlu of tho L'li-tb of the cylinder: if a taper or lamp 
be then placed in this focus, the light will bfr reflected 
through ific open end, and will he so strong that very 
small print may be read by it at a great distance^ if looked 
at rhruugli a tclc^cupe. Those who see thm light at a 
distance, if Mauding in the axi^ of the iaiitcni coutioited^ 
vrill iaiagiue that they sec a large ( 110 , 

CHOKlliM Ll. 


To cousivtict a MagiC Lantei'n. 

The name of viagic laities as is well known, is.giveo 
to an optical inttnimciit, by mean^1 of winch figures greatly ■ 
magnified may be represented on a ivlute w^ail or 
TbisfPfttrttment, iiiventcil, uc believe, by Father Kirchcr, 
a Jesuit, hafi become a ie clul resfiiirce to a great number 
of people, who gam tlcir livehliood by exhibiting this 
spectacle to die populace, l^ut though it has fallen into 
Vulgar haod^, it is nexcjthelcss Ingouious, and dcij^ves a 
pUce ifi this work. \V ■ filial I llicrufore desenbe the 
coii'^tnicting and add a few observations, 
whtcjit^may tend to improve it, and to render it more 
imeresitiiig. 

'.Eirfit, provide a box "about a foot square (fig, 45 pL 15) 
^ 0 f'tin-plate, or copper or wood, and inako a bole towards 
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tbe^^^dlc of thcfore-^part of it, about 5 diameter: 

into this hole let tliere be soldered a tube, the interior 
aperture of which inu^t be furnished with a very trans¬ 
parent leuhr, having its focus wulun the and at the 
distance of two thirds or three fourths of the breadth of 


the box* In this focus place a lamp ^irth a Urge wick, in 
order tliat it may produce a itroug and that the 

niachuic may be more perfect^ the lamp ougiit to be move- 
abluj so that it eaii be [lUced exactly m the* fncus of the 
lens. To avoid the aberration of aplvcrieity, tljc lens in 
questiQn may be formed of two (erises, each of a double 
focus. This, in our opiiiuiu, wouhl gieatly contribute to 
the djstinctuhss of tlie pjcture. 

At a jscdalJ distance from the aperture of the box, fet 
there be a sht in the tube, tor winch purpose* this part of 
it must be square, ea[iable of rereiving a sfip of gla-ss sur¬ 
rounded by a. frame, 4 inches in breadth, and of any 
length at pjea^nre* Variou^i objects according to fancy 
are painted on this shp of glass, with transparent colour^ p 
but in gencrai the subjects effosen ar^- of llie comic and 
grotesque kind (fig. 4C pi. 

Anotti^r tube, furnished with a of ahoiie iJ inches 
fbcdl distance, must be fitted into the fornicr one, and in 
sbeh E manner, that it ean he drawn out or pushed in as 
may be foiuHl nec**'-sarv* ^ > ■ 

Having tiiufl given a de''rr]pi ion of niaeliine^Wo shail 
now cxphiifi its clFecI 1’he lamp being lighted, and the 
machine placed on the table opposite to a white wall, if Jt 
be exhibited in the day time, shut the ivindow-, of the apart¬ 
ment, ;md introduce into the slit above mentioned one of 
the painted slips of glass, bul in siu b a nriaiuicr that the 
figures nay be inverted: if the moveable tube Iw tfccn 
ptisheiJ in or drawn out, till the proper fr^ens is obtained, 
the figures on ihe glass will be seen painted on the walliti 
their proper evdours, and greatly magnified, ^ / 

If the other end of the moveable tube be furnished with 
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a lens of a mach grcau^r fcK-at dislanee, the 
will be iricrcajjcd^ and tilt figures will be magilifed in pro¬ 
portion. It will be of advantage to place a diaphragin ja 
this moveable tube, at nearly the focal di^itauce of the first 
Jens, as it will exclude the tuys of the lateral objects, and 
thereby contribute to render the painting much mare 
distinct. 


Wo have alrcafh’ said tfiat the .smull figures on the gla±ts 
must be pniinlt’d wjtlj transparent colours. The colours 
for this purpose may bo^timdv in tlie following manner: 
red by a strong infusion of Bwil wo^xlj or coclnnual, or 
carmine* according to tfie luit required; green by a so- 
Jutiou of verdigris; or for dark greens, of martial vitriol 
{lulphaie ofiion); yellow, by an iiifu^HUiof yclltiff berries^ 
blue, by a soltirion of vitriol of cop per (sulphate of copper); 
thcite three or four colours, as is well known, will be suf¬ 
ficient to ftinn all the rest: they may he mixed up and 
rendered leoacums by uicaiis of vci'v juire and transparent 
gum-ivaierj after uliicJi tijcv will be fit for fiafirting on 
glass. In mu^it maehiucs of tills kuid, the paniungis are 
coarsely executed, that tbev cannot fiul to c^ccite disgust; 
but if they aic matly designed, and well finisted, ibis 
sm;i]l opiEcal exhibition uiust affbtd a consiidcfabtedegree 
of pleiLsure, ^ ^ ' 

t - ^ .V.- mODLKXf Ml. 


Mcl hod vf cansitHiUug a Solar Microstvpe, 

The solar microscof'c, for tlie invoutitm oi which we 
a|re indebted to Mr. Luberkun, is nolbing eise properly 
speaking than a kiud ol miLgio lautcrji, where ,the suti 
perfoep^b the part of \\\ i^enp, and the fimull objects ex* 
po<^ed 0*0 a glas^ or ttic primt of a pin, that of the figures 
painted on the gluhS sups oi the latter. But the followtag 
^4^ a more minute de^t nptjon of it 

a round hole in the window shutter, fibout 3 inchea^ 
* - . . 

diameter, and place in it a len^ of about 12 iiicheic 
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fj!>Ciii diatence^ To the iosiJe of the hok^^apt a tube 
bavtn^f at a stualJ itiMdiice from the Jons, a ^Jit or aperture, 
f^apabk of recejviug oue or two i^ery thin plates of 
to which the objects to bo iievveJ niii^t be affixed 
iiKSinsi of a liLtle gum water exceed mgly tran;?parent* Into 
this tube fit aiiotbor, furbished at its anterior extremity 
with a len^ of a short focal di'itancoj sucli for example aa 
Ijttlf an inch* If a mirror bo then placed before the hole 
in the window ‘?hutier on the oiUsuIe, ui sncli a manner as 


to throw tho li<r[it of the sun into the tube* von will have 
a solar mkroscope. The method of employing it is as 
follows. 


Having darkened the room, and hy ineariH of the mirror 
reflected thesun*s rays on the glasses in a diroctioii parallel 
to their axes, pUev soinc urnall object between the t^vo 
moveable plates oi' glass, or affix It lo one of them with 
very transparent gum water, and bring it exactly into the 
axis nf tho tubci if tlie moveabk tube he then pushed^in 
or drawn out, till tho olijcct be a little bevond tlie it^cus, 
it will be seen painted very distinct]v on card or piece of 
white paper, held at a pinpcr disUri<v j and will appear 
to be greatly nmgiufioil- A small iii>. ct, siiclj as a flea for 
example, may be made to appear a-s krgy ns a sheefj, or a 
hair 3& large as a walking slick; means of this instru- 
ment tho cds in vinegar, or flour pash', uij) have the ap-, 
pearanee of sniall serpciils 

Kkmahk*—A s thf am n not slation^ir' , lliis in.strnnicnt 
is attended wUb one itieonveuiencCj wliicii i<s, that as thin 
iumiiiary moves wiib great riipidity, the mirror on the 
outside recpni'cs to bo cuntmn.iily atljnsted* This defect 
howevtn ft'Oravefcande remedied by .ut an'i of a, very in-* 
genious ma^hhif, u hicii moves the minor in such a inuic 
ner, that it always tlirous the siinV rays into the tube. 
Thiis tnachiOf^ therefore, has been distinguished by the. ^ 
name of the 

Some curious details respecting the solar microscope 
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may be seeitln the French Translation of Smith's 0|)fics, 
whore several useful invciiiions for improving U> and for 
which wc are inilebted to Euler, are explained, A method^ 
invented by ^pinus, of rcndeniig it proper for rep^ent- 
ing opalvG objects, wdJ be found there also. It consisU 
in retlecting, by mfeans of a large lenh and a mirror, the con* 
densed light of the i^un on the surface of the ohjectj pre¬ 
sented to the object of the nik-ro-icope, M* Mumcn-p 
thaler, a optician, p^ 0 )JO^ed a dillbrcnt expedient. 

But solar micro^opch are still attended witli another in¬ 
convenience: as the objects are veiv near the focus of the 
first ieus, tliey are ^iibjeeted to a heat whicli soon destro)!^ 
or disfigurts them. Dr, flill, who made gretit use of this 
iiiicroitcope, proposed tiiercb>re to i^mploy several lamps, 
rbe light ol ivluch united into one focus is excceilingly 
bright ami free from tlie above iiieonveiiienec; but wc do 
not know wliethcr lie ever carried tins idea into practLCCj 
and with m hat ^ucccibs, 

VTlOllLFM LllT* 

OJ* ColourSy and ihi* dtJft'n^^U hi^hU 

O nc of the noblt^si discfu-ene^ of tlic I7th century, is 
that made by the oeiebrated Newton, jo l^jd6, respecting 
the composition of light, and the cause of colours. Who 
coujd have beheved that wlutc, nhidi appears to be ft 
colour 90 pure, is the resnit of rhe seven primitive nnaltcr- 
abje colours mixed togeilier ni a certain projvortion! This 
however has been pifjved by /iii expenmenis* 

The instrument whu h he employed for decomposing 
light in this maiUKM', was the prism, now well knawn^ but 
at that tune a mere ohj' t uf curio’^ity im account of the 
colours, with which cverv thing viewed through it scemb 
to be bordered. But on tins Mtbject we shad confine aur-~ 
selves to tno of Newton's experuiiuiits^ and a dcrluction of 
the coii’^Hivcnccs which re.suli from them* 

J Hi * 

If a ray of solar hgJjt, an inch or half an inch in diameter 



t ' COLOUUii *M13 ttElRACTIONS* 253 

^ 1 . s 

(fijT;'4'i.p|, 13)^ jje admitted into a darkened'roomj so as 
to fall oil a prism placed hon^ornallvj witfi a piece of white 
{>ap^r behind and it' the prism he turned in such a 
maniief^, that the hnagr .seems to stop; instead of anltnage 
of the aw ucariy ronnd^ yua wiU observe a loripf perpen¬ 
dicular bandj consTstiii^ of seven colours^ m tliLs invariabJe 
order, red, oran^et ye!low^ green, blue, indigo, violet. 
When the angle oi' tlaj pnsnj is turned dovrawards, tJie 
red Will be at the bottom, and vice veisa; hut the order 
will be always the 

From this, and vai ioiis other experuiients of a similar 
kind, Newton concludes, 

1st, That tlie light of the sun tliese T primitive 

colours. 

2 d, That iliese ('oloiirs are tnrnied by the rays ex¬ 
periencing chllerein ndrachons; and tlie red, in pameuJar, 
ia that winch is the least hrukcu or n^lracted; the next is 
the orange, ^c; ui tlic last [dace, tliat the violet is that 
which, uncier the SLinic luchiiatuin, suffers tiio greatest re¬ 
fraction. The tinth of dies" coiis^'ijuimccs cannot be 
denied by tbf>sc who mH: lu dio hsii’ u pianited with geo- 
uvetrv- 

But the aieest e\[)L linumi is tli.u bv wincli Newton 
proved, that tliese diil^nentiv cohmred rays aio atierwards 
unajtcrabie. To make dns t*\perirni‘iit m a proper man^ 
ner, il vvill bo ruvessaiy to proceed hh ‘-dlows: 

In the iipst place, ihe fiole in the ivi.idoiv slmttcr of the 
darkened rooiii luLst be reduced to the Uiauielcr uf a luie 
at most; and tlie light cceiy wlieie else iiiusi he carefully 
excluded. When tills k df>he, receive the solar rays on a 
large leus, of 7 ur H leer fiicns, ]>!aT.id .it the disrance ot 
15 feet f "um the hole, nnd a litfle be vend the letirt place 4 
prism, in sueli a iimuuer, that the stteam ol liglit mu}'' fall 
upon it. 'riieu hold ii piece of wfnte cMtd at siieh a distanct^ 
that the uiiags <d the sun would he pamrut upon it witia- 
out the iiiterpOMiion oi the prism, and you will see pamted 
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on the cArJ;' io'^tcad of ii roond iniage, a very narrow 
coloured Ijuml, cnritaimticr the seven primitive colours* 

Th en pierce a hole in the c:ird| about a Ime in diameter ^ 
and stiFeranv one of thecoloui> to through 
Citre thiit it shall do so in the middle of the space whicli it 
occupies, ami rec^dve it on a second (Mrd placed behind the 
fnnucr. If inU'rc’('])tod by another prism, it smW be found 
that It no longpr produces i len^'rlK'ncd, hut a roQtwJ 
jriiage, and all (A the same colour. Hciules, if in 

that colour imv object whah^vtT, ii vill br linked by it; 
and if you haik at the ohject uith a thud [iri'iu, it 'vill bo 
seen of no other colour but th;3t m s^duch it is inimeraer!, 
and u'Uh<iiAt any eloh^^atinu, as when it is immersed iri ligfit 
sust eplib!c of dr-compo'.ii ion. 

Tljjs experiment, win cl i js n<us easy to those tolerubiy 
well versed in philosophy, ]uo\es i]ic third ot the principal 
facts advaiiceii by NenUn]. 

3Ji. T'lut when a col mm treed fioni tliu mixture of 
Others, U i'' uiMitcrAihle ; tli.it a led i iv, whatever refraction 
it iu*iv be ttiudc Lo cxpi.nciKc, Avdl aluavs remain red, 
and so of the rv'it. 

It d^it's no i;rcal honour to Ihv frcucli phdo^phers of 
the 1 Trh centiii r to hnive disputed, and even declared false, 
this uri^crijonof tiie Kiighsli p]ul{)’iO]>luT,cf-uecially on no 
better foundaruvi thau an cxpi Minent ho biully performed, 
and so incouijiKte as th-a of Manorte* Wu even catuiot 
help acciwiii^ that pbilnsoplici, n ho ju ruher respects d^^- 
servess great praise, o, too iiuicli precipitation ; for his ex* 
peri me it was not tliv s.auc described hy Nntvton irr 

the P/uhsop/itcul Tran^isctionij for IGGfj; and it maybe 
readily sivii thai, if \ wfunued acCoiding to Miifiotte's 
iiianm^r, it is mi possibly it should ^ucecud. 

However, it js at present ccitaih, notwuhstauding th^ 
remonstrances of K-uher Castcl and die Hiciir Gautier* ■ 

I 

* * S:eiii njiytirT, tfi be Uai muinlor uf llie jue^tiod oT 

iTi iif^, wpfj'i^ei jjfii*! hm'us, ui U41. 5cat tho 
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that are in nature sevtsu prinnitivt*, homnjijentitJii^ 

coloim^ uneqaafJ^^ refrangihiCj ttnaitofiiblii^^ and which are 
the catise of tlit; ililfi^root colours of bodies; that white 
conU^ them all, ami that ail nf them togj^ther compose 
white; tliat what makes a boJy he of one colour rather 
than another, is the eonfitrnr.ition its jnimite part?, 
which caoses it to reili^-ct in irreatcr niimher the rays of 
that particular colour; and in the List p^aee that hlack is 
the privation of al) reflection; but this is uoders^tood of 
perfect black, for the material and commoti black ns only 
an exceeding!v" dark blue* 

Some people, sticli as rather Pstste!, hiive aihnitfeil only 
three primitive colours, viz red, yello'v uii.l blue, because 
red uud yellow fotui oranj^e; yellow and Idoe and 

blue and red violet or jmlif>o, .iccordiug as the former or 
the latter prodouimates* Hut this is another error. It is 
very true that with Uvo vav'^, one yellow and the other 
blue, green cao btj (brined; and ihis holds good also in 
regard to material colours, but the grccii ol tfie coloured 
Image of the |irisiii is totally different ■ it is pnmitire, and 
stands t!ie sauie jirool as red, yellow n 1^1 ue, witliout being 
decnmpo'ied. The case is tfu; Haiue vidi orange, indigo^ 
and violet. 

raoni.is'i ^.iv. 

fy the , ho:i} fonni'd; (f viaktng an arti^ 

fit ii/l one. 

Of ait the phcnomc^n.i ni nature, non. lias excited more 
the ftduiiratiun of inuntuud, in a)! ages, U^an the riinhow; 
but there is none pei [nips at j^rcseiiL svh'cb philosophy call 
expUiu *n a more vitisfactory uiiUU'er. 

iteg^T nf ■‘'wl »n^ l^nil] jn re^.iiH lo f okiiirb aita 'o V't. uf Ihc- uijp- 

T'trtf* Hm and cspmincrJt^, au' (i- cna.Hnai** cj- 

ina V a r.iuLty itir-jipimis fruukl |>i^ a^Juist lO'avity uf the 
^matpkcii. ini n^asuii, ht EistJi ariy |ini1izajfs bul u of hit 

canutryin'Liii, ^ n pjI .i fopa, wliu faurrd vnt ihAt otyBVtD 

it4 nntpai[i1r<l Uiv Trtinn m an iriTp^iU^I 
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The rainbow is formed by the «olar rays being de^cm* 
po^d into their prhtclpal colours, in the small drops of 
rain, by Dneans of i^o refractionsj which they experience 
in entering them and issuing from them^ In the.i^jterlor 
rainbow, which often appears alone, the solar ray enters at 
the upper part of the drop, is reflected against the bottom, 
and issues at the low'er side. This decomposition may be 
£ticn fig- 4S* In the exterior rainbow, the rays enter at the 
bottom of tiie drop, experience two reflections, and issut; 
at the upper part. Tlicir progress ami decornpositionj 
which produces colours in an order coiitiary to thcfovmert 
are represented flg- Hence the colours of the exterior 
rainbow appear to be inverted, in regard to those of (he 
first. 

The manner in u bich the eye perceives this double senes 
of cglour^i js st'Cti lig. ,50. 

But the explanation wouhJ be incomplete if we did not 
show that there is a certain dctennmaie niciination, under 
which the red rays issue paralki, and as close to each other 
as possible, while all the lest arc divergent ; that there is 
anotJier under wdiidi the green rays issue in this manner t 
and so of the rest. It is by this alone that they can pro* 
dnee an ell’cct on a distant eye. 

This explanation of the rainbow is conhrtned by a aiflu* 
pie experiment. When the snn is very near the horrzott, 
suspend in an apartment a gl-i.^s globe filled with water, in 
such a nidtincr as to illuimiiatcd by tlic sun* and place 
yourself with your ba*. k to tS>ut luiiiinar^^, so that the globe 
shall be elevated, m regard to your eye, about 42 degreei 
above the henj^on. By advancing or retiring a little, voti 
Will not fail to meet wi'h the coloured rays, and it will be 
casrly'scen that they issue from the bottom of the globe; 
it ivjjj fte ^een also that the red i ay issues from it under 
the greatest angle with the horizon, aad the violet, w'hicb 
4 ^ the lowest one, under the least, so that the red must be 
without the axisf and the violet within it. 
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Thep raise the globe, in rcj^ard to your to 54 de¬ 
grees, or continue to approach *t tiil it be elevated at that 
^)g]ej and you wdl uieet with the cohxired rays i^yuiiig 
frona^^c top of it; fn^t the vicdct, and then tlic blue, 
gteen and red, in an order altogetbei contrarv to tijc pre¬ 
ceding, If you cover, in the first caw, the upper part of 
the globe, and in ibv second the lower part, no colours 
mil be produced; winch is a fu oof of ilic manner in which 
they enter it, and issue from it. 

The sfiectiiclo of an attificiai rainbow niny bo tvcsily ob¬ 
tained ; It IS sceTi in tiie lapotir of a ^et of water, when Ujc 
wind disperses it in nnnoic drops. For this jiurposc, place 
yourself in a line betivecu the Jc!; ol water and the sun, 
with } our back tinned toxiaids tlie iattei. If lIjo sun be 
at a moderate elevation above the Itor^/on, by advaTicing 
towiuds the jet <d \\AUer or vecedinp; Iroin it, yon will soon 
Jind a jjoint fioni a latnbnw will be seen iri the 

drops that fail down in line lij»Jit-ianc 

If there be not a jet of water jo tlic ncNgkbourhnod, yoti 
may make one at a vcjy small t‘S[jein;c. Noilun^ will be 
necessary but to Jill your mouth -\Ailcr, and having 
turned your back to ihc sun w hen lU model ate elevation, 
to spuit the water nUo lite .ur as hiyli as posstble, and m a 
direction somewliat ohlupu- to t)ir horj/on, 'J’he iinita- 
ttoii ol thth jibeiiouieiuiij luav lie hicditated by eni- 

ployiTSi,, a w'hieb wdJ scati . llie wafer in very 

small diops. 

If you are desiiou!& of peihuajiii^ ttie c\p(U‘unent in a 
manner easici, hi] a vciy liaiisparcnt eyiiudiic glass 
bottle with waLei, and place it on a table in an nprij^ht 
position , place 4 hglitcai caudle at die ^Aune height, and 
at the. dj^Lajice finm it uf 10 or r2 feet, and then walk in 
a transvci>Ad <lirt'cLioii botwocu the h[^ht and llic bottle, 
keeping at the same elevation. When you ftave 

readied a oeriLAin poujt, \mn wall see bundles ot coloured * 
rays issuing iiom one of the sides of iheboltlc, hi the fol- 
voL. in 
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lowing order! violetj blue^ yellaw, red; and if you'con¬ 
tinue to walk transrcr&eh', you will meet with a Sfecehd 
serie'ij in u coiiirary order, viz, red, yellow, hlae and 
violet, proceedinpr from the other side of the bottMt This 
is exactly what takes place in regard to the drops ofraitj; 
and to imitate the phenoiuenou completely, seven similar 
bottlts niiglit be arranged in siicli a manner, that the eye 
being placed in the proper point, one of the seven colours 
shoukl be seen in each; and seven others might b« arranged 
at some distance, so as to exhibit the Scune colours in an 
inverted order. 

Two rainbows would still bo produc ^ J,even if the aokr 
rays w*ere not dilTercntly refrangible: but they would be 
destitute of colonr, and would con:;ist only oftw'o circular 
bands of white or yell owUh light. 

The lainbow always forms a portion of a eirclc around 
tile line <lr:ivvn from tlie sun and passing through the eye 
of the spectator^ for this reason, when the sun is elevated 
above the honzouj the r^iinbow is less than a semicircle; 
but wlicii tlic sun is Jti tlic horizon, it is equal to a semi¬ 
circle* 

A rainbow however lus been seen larger than a semi¬ 
circle, and wli'seli intersected the cminuou rainbow; but 
this phenomenon was piodticed by the image of the sun 
reflected from the calm, smouth surface of ariver* Tfie 
image of the sun, in lhii> cose, produced the same effect as 
if that luminary had been below the horizoiu 

Dr. Hailey has calculated, from the ratio of tlie diflerent 
refrangibilities of th-' ^un\ rays, that the semi-diameter of 
the interior ratnboiv, taken in the tiiiddlc of its extent^ 
ought to be 4r It)'; ^*nd that its breadth, which would be 
only I* 43' if the sun w^cre a point, ought to he 2" 15' on 
account of the apparent Jiameter of that lumiuaryp This 
apparent diameter is the cause why the colours are not 
separated from each other with the same distinctness ^ 
they would be, if the sun were alucnlnous point: the radius 
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of the qxtcrior irambow, takeo io the siicne in^n£:r, that is 
to say in |iie middlti of us extent, is 53* 30\ 

Tins georiietnciaii and astronomer not ojily calculated 
the ditnensions of tltat rahibovv which actually appears to 
us in the heavens, but of those also which woLild be pro^ 
ducedif the light of the sun did not issue from the<lrop of 
water till after 3, 4, 5, &c, refieetions; xvhereas, itj the 
pnncij>ai and inteitor rauibow, it issues after one, and in 
the second or cxteiior one, after two, By these caiciiU- 
tioiis It is found tliat the seniL-duuictcr of die tlnrd rain¬ 
bow, counted from the [ihice of the sun, would be 41*; tliat 
of the fourth, 43* 50'; But geometry here goes much 
fartlicr than nature: for Ucsulcs the coiUinued weal^ircss 
of the rays, which uoiiW render tliesc rainbows scarcely 
perceptible, being towards the sun, they would bo b;)st 
amidst the splcndenr of tliat luminaryp If the {Irops which 
form the rainbow, instead of being water, were glass, the 
mean iemt-diameter of tlie interior ruiubovv '^^ould be 
33* 52', and that of the exterior i)"' 30', towards the side 
opposite to the sunp 
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Amingj/ bftw^en Coiours and thv l\n{:s of Mum. Of ihc 
Oac/ar llarpsic/iord q/VusteL 

.As fiooii as il biid been oljs»cr\etl tlial fliere were se^en 
primitive colours in nature, there ' ouic reason to con¬ 
ceive that tliere might he an analogy bet wceii these eolout^ 
and the tones of music ; for the latter form a scries of seven 
in the whole extent of the uLlave. This observation did 
not canape Newton, wfto remarked also that, m the colour¬ 
ed apectrtiuij the spaces occupied ''V the violet, itidigo, 
bluo, correspond to tlie divisions of the cnunochord, 
which gives the soiuids re^ rniffa^ sol, .•iZy re. 

Newton on this sabject piocccdetl no farther, Bm 
Father Castel, whose visionary scheme is well known, en^ 
larged this idea; and dh the above analogy of sounds 



'2m 


COLOUJlfl TOVRS* 


fqjiniJcd a system, iu couset^^uc^ce of which he promisf^ 
to the cycN, but urifnrtimatoly without success, jt ticW plea¬ 
sure s um Ur to that whidi tlic ears experience from a 
concert* 

Father CasU'l, for reason*! of anaioj^y, first changes the 
order of the colours into llin followingj s’tK, blue, green, 
yelloAs orange, mi, violet, hiJigo, and in the last place 
blue, wiiich forms aw it were the octave of the first. These, 
according to his sy^iteiii, arc the colours wliieh correspond 
to tfie diatonic octave of our modern music, ut^ rtf, Vti,/irt 
salf A/, Hi. Tlic flats and the shai ps gave Kim no em¬ 
barrass; merit; and the chromatic octave divided into its 
twelve CiiloiirSj was hhie, sea-green, tilivo-green, yellow, 
apricot, orange, red, crimson, Violet, agate, indigo, bine, 
which corrchpuiuled to utf wi*, re, rc*, 7jn\ fa^ ’SW, 
jo/*, /o*, JF, ui. 

Now if a harpsirimrd be conMnictcd in Mich a manner, 
jays VUlher tUstid, that on striking tlie key itff i/istead of 
bearing a »ound, a blue band sliall appear; that on strik¬ 
ing ?rj a green one shalJ be seen, and so on, you will have 
tlic rerpiircd iiKtriuncnt; provided tliat for the first octave 
of lit a ditferctit blue be citiploveth Bat w hat arc w^c to 
nnderstiiiid by a blue an oetuve to anotfier ^ We do not 
find that Fatfier CUstel ever cxpUiried himself on this sub¬ 
ject in a manner siifflciently cliMr, IJc only says that as 
then; arc reckoned to be tw .jlve octaves appreciable by 
die ear, from the lowest sound to the most acute, there arc 
in like manner twelve octaves of colour*!, from the darkest 
bine, to the lightest; winch ghcs ns reason to befiev'e that 
since the darkest bine h tfiat tvhich ought to represent the 
lowest key, t!ie Iduc ciirre,spoi hngto the octave must be 
formed of idevutt paits of pure blue, and one of while; 
that tlie lightest must be formed of one part of blue attd 
eleven ]>arts of w^hi^, and so of the rest* 

However, Father Castcl did not despair of producing by 
these means an ocular music, a^interesting to the eyes a$ 
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the common mnsjc is to well organised ears; and he even 
thought that a piece of music iniglu; be translated into 
colours for the use of the deaf and ctumb< “ You may 
conceive,” says be^ what sjicctaglc will be OKhibtted by 
a room covered with rigadoons and miiuicts, sarabands atid 
passcaiilcsj sonatas and cantatas, and if you choose with the 
complete representation of an opera f Have your colours 
well diapasoned, and arrange them on a piece of canvas 
according to the exact series, cmnbin.ition and tnixture of 
the toncsj the parts and concords of the piece of music 
which you arc dt^sirons to paint, ohsemng all the ddlercnt 
values of the notes, minims, croicliets, quavers, syncopes, 
rests, 8cc; and disposing all the parts iicctirdnig to the 
order of counter-point* Jt may he readilv wren th.it this 
is not JtMpossible, nor even difficult, to atiy per&oii who has 
studied the eleuient*^ panumg, and at any rate that a 
piece of tapestry of tins kjiid would he equ.d to tliose 
where-the colour^ arc applied it were at haz.ird in the 
same manner as they are hi marble* 

Such a hjirphicfuitd,” continues hr, ould be an cx- 
ecllenl :K^Iioo] for ]>amtiTs, who migl.t hud in it ail the 
secret^ and comhinfinon^ r>l the erdonr^^ .md of that which 
IS culled claro-obscuro* J^nt even <jur Iku .iinriical tapestry 
would he attended with its advantages i for cue migfit con-* 
tcmplaie theiv at leisure what hithertu could be heard only 
in passing with rapidity, so as to leave time foi* re- 
Heetton. Aqd wiiat plciisme to behold ihc colours in a 
disposition truly harmoiiical,and iii that iiiir:iite vanctv of 
combinations svhicii banuony fm'iiishes! The design aione 
of a painting excties pleasure* 'rhere is certainly a design 
in a piece ol music ; but it is not so sensible when the piece 
is played widi rapidity* Here the eye will eoiitemplate it 
at leisure; it ojil see the concert, the contrast of all the 
pattSf the eifcc! of the one in opposition to the other, the 
fugues, imitation^* express on, concatenatioii of the 
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dcticcs, and pr^igrcss of tho inodid.itton* And can it be 
believed tliat those [lathetu' pass:igcs, tboffic grand tniits^f 
liariTionv, tho^c ii[iox[iocced ehnintrcs of tone, that a1 ivaya 
cause buspcLision, languor, emotions, ami a thousand uu- 
expected changes in the soul u-liich abandons itself to them» 
\t ill lose any of iheir ooevgv in passing from the ears to the 
eyes, Sit r It will be em'inus to see the deaf applauding the 
same jMssages, as the hlind, &:c* Grrcn, which corre- 
fiponds to rf| will no doubt show that the tone re Is ruratj 
agreeable and jusloi :U; red^ wliicfi corresponds to sol, 
will excite tlie idea of a warlike and lerrille tone ; bluCi 
which corresponds lo of & noble, majestic and celestia* 
tone ; See, It is suignlar that llie colours sliould have the 
proper ehatacters ascribed h^" the ancients to the o\act 
tones winch coiicspomi tci tliciiij hut a great deal might 
be siud, 

“ A spectacle on;;iil be exhibited t)f all formas human 
and angelicalj ann.iak, iilrds, repulcs, lisbcSj qnadrupedes, 
and cVL:ti giaHnetiic hgTirca, IJya siuipic game the uholc 
senes ol luiclid\ Klejiicnts nn^ht be dcnioubtrateil,” Fa- 

o 

ther Castel\ iiuagiriati4»n seems here tocoiuluct hun in tht^ 
straight road U> liedlum, 

Tlicsc passage^ of [\iThcr Cartel are so singular, that 
\vc could not help r^noting tliciu; but unfortunately all 
lus flue promises came to nullungH^ He had constructed a 
model of Ins barpsleliord, as he tells us IjitiisclF, so early as 
the end of the year 1734, ^Liid bo spent almost the remain^ 
der of his hfe* tdl the tiiui of his death, which took place 
in 17^7, m coiuplehiig lus mstrumeiit, but without suc¬ 
cess, Tills liarpsiciuirdj const meted at a groat ex pence, 
as we arc tohJ bv tlic uirhoi ^f bis bicj nciiljcr answered 
the auttmr’s mieniinn, nor tiio ex[iectatu>u of the public. 
And indeed it there be any analogv' between colours and 
t^ouadsj they diJfer in so many other poinN, that it need 
excite no wonder tliat tins project should miscairty. 
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FftOBLfiM LVr* 

To compose 4 Ta6fe represevtin^ all the Colours; and la tfe- 

iermine (hair number. 

Thongh Newton bus protei! the homocpencity of the 
cohuiTis ijito the solur rayiire decomposed, and the 

orange, gri'Cii and purple produced by tins decomposition 
are no less unal*er4dile, b> iarthur refractionp than the red, 
yellow and blue, it is however well known that with the 
three latter, tfjo three former, and all the other colours of 
nature, can be imitated : for red coinbined with yellow, in 
dilferent proportions, gives all the shades of orangv; yellow 
and blue produce pure greens; red and blue violcLs, pur¬ 
ples and iiidigoesj; in short, the dUferent eomldimtions of 
these compound colours, givv birth to all the resL On 
thehe principles j, Counded tlie invention of the chromalic 
trtarigie, which series to represent thenn 

Constract ari eipnhitcral triangh‘, as seen l^latc xv 
fig. 5 l, and divide the two Mde:!> adjacent io the vertical 
angle into i3 eriual partsi if parallel lines he then drawn 
through the points of divisicin^ in ea^di stde, the^ wili form 
91 ei^iial rhombuses 

In the three angular rlumdis plan, the ttirce primitive 
colours, red, yellow, and blur, hauog an equal degree of 
strength, and as we may say of eoiii entration ; conse¬ 
quent , between the yellow and bliu , tlirre will be left 11 
rhomboidal cells, which must be filled up ia the lollowjng 
manner r in that nearest tlie yellow pu* 11 [jarts of yellow 
and I of red ; in the next, 10 parts of yclloxv anil red, 
&c; so that in the cell nearest the red there will be I part 
of yellow and 11 of red; by ibesc means we shall have all 
the shades of orange, from the one m ^resL red to tfiat near¬ 
est yellow By filling op, in hkc mafiiier, the inieruiedi- 
ate ceJlisj^ between red and blue, and between blue and 
yellow, tbc result will be all tij« sliades of purple, and 
all those of gre^tui, in a similar gradation. 
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To i\\\ u)j tlio cells, k t US take for e?tym[jio llui^ic 
of tl(e third row bcJow red, where therfj are three celJ*. 
The two extreme eedH bcin^ filled u]> on the one side with 
ti combi nation of 10 paru of red mid 2 of yellow^ and on 
the other with a eomhiuaUon of LO parts of reii and 2 of 
blue, the [iiiddje ceil will be cc.mpo^ed of It) parts of red, 
1 of blue and 1 of yellow. 

111 the biiiid immediately below, we shall have, for tho 
same rc^LSon, in tluj iitst cdl towards the t^ellow, 9 parts 
of red and of yellow ; m the next, 9 parts of redj S of 
yellow and 1 of blue ; ut tlic third, 9 parts of red, 1 of 
yclinw and 2 of blue; in the fourth, 9 parts ol ml, and 3 
of bine: and the Ciiso n ili he Mtniiar in regard to the lower 
baud’!; but we shall lierc content ourselves with detailing 
the colours in the last except one, or that above the band 
contaunng the gieun'^, the eeifs ofulurh initst b(‘ fdlccJ np 
as follows: In 

Tlie 1st oti tim left, 11 [lavt^ yellow and 1 of rtxl. 


The 

'2d, 1 

lU 

parts 

yel[ci\^ j 

1 

red, 

1 

hhic. 

The 

3(1, 

y 

pai ta. 

yelhnv j 

1 

ml, 

n 

blue. 

The 

4tti, 

w 

[lart^ 

\ ellow, 

i 

rc( , 

3 

bluCi 

The 

5lli, 

7 

]Mris 

y elioWj 

1 

ILI. ^ 

4 

blue* 

The 

611l, 

G 

]i.uts 

yelhiu, 

1 

ivr , 

r> 

blue. 

Tile 

7ti), 

5 

p.irts 

vcitoWj 

J 

ret , 

G 

blue. 

The 

8tll, 

4 

pai ts 

j eiJow, 

1 

re( , 

7 

blue. 

The 

9tli, 

3 

parts 

} cl low, 

1 

Id , 

8 

blue* 

The 

lOllt, 

2 

parts 

yi liou 1 

1 

re< , 

9 

blue. 

The 

lltl), 

1 

|M1 t 

)cllou , 

( 

ri'i , 

10 

blue. 

The 


U 

pait 

\ ellow. 

1 

tedf 

11 

blue. 


This build, as may be seen, contains all the gieeiis of 
the lowest band into winch one part of red has bean thrown, 
III like manner, tiiere u eII bn found in the band parallel to 
the purples all tlie purples wnth which 1 part of yellow haA 
been mixed ; and in the baud parallel and cunt]gnou$ to 
the oranges^ all the orange colours-w ith one patt of bluc^ 
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- Ill ihc ciJiitvai iif the tnmigfc tin'tc arc 4 parts oK 
1^, 4 af blue, anU 4 ot yelln^i\ 

All these mixtures mlglit bu easilv made wit 1 1 colours 
ground exceedingly fine ; and if llie proper fjiiantities were 
employed we have nu doubt that thc\' would produce all 
the shades of tlie dilferent colours^ lint if all the colon 
of nature, from the lightest to the (ia[kest, that is from 
black to wbite^ be lequircjilj vre sIllII find fur cacfi coll 12 
degrees of gradation to ubiLe, and V2 otlicis to bhick. If 
91 therefore he mn hi [died bv 24, we ^haJl have 21H4 per¬ 
ceptible colours ; to which if vie a<]d 2 f grays, formed by 
the combination of pure tdack and xvlilte, and white and 
black, the nun}ber of eoinpiniiii] coionrs, tv Inch ive believe 
to be dustlnguisluible bv the senses^ will anmiint to 2218* 
J^iiL wc ought out [)rrhaj)S tci consider as ical ettiour'i those 
formed bv the lUhi eoluuis with hlaek ; fur black onlv ob- 
scuvesj but does nut rohjur. In tins case the real colours 
with their diatli^, from the darkest to the liglitcstj ought 
to be reduced to 10')2, wlneli wub nhjte, a black, and 12 
grays, will foim IlOu cuhnirSi 

IMlUlU.FlVf 

On the oj the Dhic CoUkv of the ^^hj* 

This rs a eery reuMikalde phcnoinerioii, th<nigh httie at¬ 
tention js paid to it, as our eyes aie so uuich accustomed 
to it from cnir infiincy ; and it would bfficull to explain 
it bad not Ne\i'ti>n\ vluoiy respectin':, J'^ihl, b> teaching 
us that U IS deconiposi'd into seven colou t oi dijflbront de¬ 
grees of refraiigibility and reflcMbilitv, ufloided u)t the 
means of discoveriiitj the raiise. 

iZr 

To oplam thiFi pheiioiiionon, \v' shall obs^nve then, 
thflit according lo Newton^ theory, so well pri>ved by ex¬ 
perience, of tl*e seven colours winch the solar light pro¬ 
duces when des^cntiposed by tlic pnim, the blue indigo, and 
violetj afc tlro^c easiest refiected, when they meet with a 
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incdium of a diBgrent density* But whatever may be the 
tranHpareticy of the air^ that which surrounds ougr earthy 
and which consntntes uur atmosphere^ contains a 

mixture of vapours more or JeisS eonibined wjtJi it; hence 
it happens that the light of the sun and stars, sent back 
in a hundred different ways into the atmosphere, mustex- 
periciice in it numherleii^ inJleetions and redv^ctioiis* But 
as the blue, nkltgo arid violet rays are those chietlv sent 
back to us, at each of these reHccriorts, from the minute 
particles of the vaptmrs vUncIi they are obliged to pass 
through. It Is iieeuisai'y tlMt lag njeJnnii which sends them 
back should apj.ear tu i^sseuiu a blue iint. This must even 
be the case if we supjjose a peifect homogeneity in the 
atinosphcri': for liowcver homogeneous a transparent 
medium may he, it iiecesi^ariiy i'l jlocU a part of the rays 
of light which pass tlirom>h it. But ot all these rays, the 
blue are reDccted with tiie greatest laeihty j consequently 
the air, even supposing it homogeneous, would assume 3- 
blue, or perhaps a violet colour- 

It is Uir tJie same reason that the water of the sea ap¬ 
pears of a blue colour wlu n very ]>ijro, as i& the ca&e at a 
distance from tlie coasts* When dluininated by tlie sun a 
part of the ravs enters the water, and anot her part is re¬ 
jected ; but the latter is composed chiefly of blue rays^ 
and conijcqueutly it must appear blue. 

Tl)i» explanation confirmed liv^ a. curious ob.scrvatipn 
of Dr, Halley* This ceh braied philosopher liaving de¬ 
scended in a diving bell to a considerable depth m the sea^ 
white It was illuminated by rim sun^ was much surpri^d 
to %ee the back of h’s hand, u inch received the direct rays, 
of a beautiftil rose colour, v' hile the lower part, which re¬ 
ceived the f’cilecled rays, Uii^tblue* This indeed is what 
ought to take place, if we suppose that the rays rcBcctcd 
by the surface of the sea, as ivell as by the 'ninute parU^f 
the middle of it, arc blue rays* In proportion aathe light 
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p6f)etrat6R to A gre^iter (k^pth. It must be more and more 
depri ved of tiie bkio rays, aiul eonseqncntly tbe reinstinder 
most incline to red, 

PROHLUM LVfTT- 

the Shadaws (if 6o(ik‘s are so 7 ?ietimcs Jilue^ or ^zur4 
C{>lQnrt:cIj imimti vf being BUxck. 

It h ofteri observed ai sun-rlse, during very FCrenr 
mornings, that the shadows of bodies projected on a trliite 
ground, at a small distance, are blue or aainrc coloured. 
This pfienomeuon appears ti> iis to be sufRcicjitly curious 
to deserve here a place, us ucll as an expSanation, 

If the sliadow of a hodv ex|inscd to tlie sun were abso-^ 
lute, it woultl be pcifecily blacky since it would be a com¬ 
plete privation of bgbt; but ibis does not really take place: 
fov to be so, the fudJ of the heavens onght to be absolutely 
j^lack; whereas it is blue, or azure coloured, and it is so 
only because it sends back to ns chiefly bltie rays, as already 
obscrvciL 

The shadow therefore projected hv' Ijodies exposed to 
the sun, is not a pure shadow, hni it-elf illuminated by 
that xvholc part of the '^ky not otcnptcd by the Inniipous 
botly- This part of the heaven being blue, the shadow is 
softened by the blue or azure culonvtxl rays, and conscj- 
quently must appear of that colour. It is exactly in tTie 
same tnatnier that in painttng, ^efle^ h ons are tinted with 
the colour of the smuaHiding bodies. The shadow which 
we here examin:!, is nothing else than n shadow mixed with 
the rcfloctim? of a blue bodv, and tliereforo it must par¬ 
ticipate in that colour. 

It T3 well known that tliis phehom i^on was first observed 
and exj lained by Buiroiu 

But It may here be asked, why arc not all shadows blue? 
In irepiy to this question, wc xhiill observe, that to produce 
this effect, tiiC concurrence of several circumstances arc 
necessary: 1st, a very pure sky, and of a very dark blue 
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colour; for if the heavetiK be interspersed with light 
douUsj the ray$ reflected fri>m them^ falling on the blucish 
shado^Vf will deMti'fiy its effect^ if the blue be weak^ as is 
often the catie, the quant it v of the blue rays will not be 
i^uilicient to enlighten tlie shadow. 2d, 'I'hc light of the 
sun must be livelier than it u'^iiallv h when that linninairy 
h near the horiiion, hi order that the shadowy may be fnU 
and strong, Htit these cj re uiu star ices arc rardy united. 
Besides, the sun must be onlv at a sinalj elevation above 
the horizon; for even when at a Jiiodtrute altitude there 
IS too much splendour in the atmosphere, to allow the blue 
rays to be sensible. This hgfu renders the shadow less 
strong, but docs imL tinge it blue. 

vnonLr.M ltv. 

Oft Colon 

Hold before your eyes two glas'^oi^ of didVrent colour^j.^ 
the one bloc suppose, and the other rcil; and having 
placed yourself at a proper distance from a eandlc, if you 
shut one of your ey'cs, a nil look at if it' light w'lth the other, 
that for cxanipie hefore wjndi the blue glu>s is held, the 
light will appear l>lue. ll you next shut this ej^eaiid open 
the other, tttc flame will appear red; and if yon then open 
thorn both, you will sec itol a bnglit \iolet coIoilTp 

Every peritm almost, in our opinion, mu=.t have loreseen 
the success of this experiment; which'have mentioned, 
merely because an ocuhsl of Lymisj M* Jantu, thought he 
could deduce from it a par<a. iilar coiiiiequcncv; which is, 
that the retina may perform tiic part ot a concave mirror, 
and reflect the ra-ys of hgin, so Uiat each tye forms at a 
certain distance an licjiuI Mna^'e of the object. Botli eyeft 
forming each au image afterwards in die same place, the 
result is h double image, one blue and Uic other red, which 
by their union (iroducc a v;olet image, m the same manner 
ati when red and blue ra'ys arc mixed together* But this 
explanation will certainly not bear to be examined 
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■ carfmg to the true principles of optics* How U it poastUle 
to coiK:eirc that such an in}ag'e can l)c formed by tlie retina? 
Is it riut more probable, and more agreeable to the well 
known plicfionicna of vision, tirat from the two impressions 
Received by the two tiyeSj there is produced in 
sensoriujnf or m ilie place wdiere the optic nerves are 
united in Uie brain, one cojijpound iinprcHsioii ? In this 
experiment therefore the same thing must take place, as 
when a person looks at a candle witJi one eye, tlirough 
two glasses, tlic one red and tlic other blue. In tins case 
the dame wUl be seen ot a violet colour, and consequent!v 
it must have the same apj^curaiice in the former. 

VTlOlll.rW Lx* 

3Idhod of co}ii>tyuc(ui^ a Photophoru.^^ ren/ convenient to 
iUmnimte a tuf'U’ zii/iere a per^tm 7rtJ/tinff or 

Construct a cone ul tin-platv, 4' inches in djameTur at 
the base, iiml 7-} ulclK^’^ in height, nicasurod on the slant 
iide ; w hich niav be easily done hy cutting Ironi a circle, 
of 7y inches radius, a sector ol l(y>l degrees, and bending 
it into the form ol a cone, "i'lien tin laigh ^ poiuL in the 
axis, uicher^ disUnt from ifie sniinmt, cut olf the upper 
part of the cone by a pfaiic inchiiet'^ tu one ot Us sides at 
an angle of 45"^* The result will be an ehmgalcd elliptical 
Kcenon, winch must be placed before a candle or other 
light, as near ti) it as possible, the ckmc ot the section 
bcing vertical,and Lhe greaU^t dlaiuk it! lu a per[jcndiciilar 
dtreetioiL When ^lisjio^ed in tins tnaiMicr, if the tlauie of 
the cand/e or Jamj) be raised 12 or 13 indies abevc the 
plane of the table-, you will be astoutslietl !o^i‘o the vivacity 
and uniftirmity of the light uluch b wdl pmject over an 
extent'T 4 or,fJ Jeet in length. m 

M* Lambert, the inventor of tliis apjtaratus, observes 
that it niav be used wuh great advantage to give light lo 
those who read iu bed; for by placing a lamp or taper 
furnUhed with tliia pliotophorus upon a pretty high stand. 
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at the distance of 5^ $y or 3 feet, from the bed^ .it 
afford a sufficiency of light without any danger. He says 
he tried this apparatus also in the street, by plf^ng a 
lamp furnished it in a window raised 15 feet above 
the pavementf and that its effect was so greats that at the 
distance of 60 feet, a bit of straw could be distinguished 
much bertCTthan by moon^llgbt, and that writing could 
read at the distance of 35 or iO feet, A few of these 
machines, placed on each bide of a street, and arranged in 
a diagonal form, would consetjuently' hght it much better 
than any of the means hitherto employeih Sec Mhiioires 
dt tAcademic de Brrlmi ann* mo* 

PROJILKM Lxr* 

Xhe place qf an abject^ such Jhr exainph as of a ptece of 
fHtper on a table ^ being given; and that of a cmidle destined 
to throw light upon il; to deiermine the heighl at whkh 
the candle mmi be placed^ in ortkr ihal the objcci 
illtctninalcd the moat possible. 

That we may exclude fron^ this [iroWem several con¬ 
siderations, wliicii would render the soliitioti of it very 
difficult, we shall suppose the abject destined to be illu¬ 
minated to be very small, or that it is only n^juircti tliat 
the middle of it shall be ilhiminaLed as much possible. 
Wesljall suppose also that the light is entirely conecn- 
ttated into one point, where the splendor of all its different 
parts is united. 

But, it is well known that tlieiight diffused by a Imniri^ 
ons point, over any surface which it jUuminaiC-s, decreases, 
the angle being the same, in the inver.se ratio ot the square 
of the distance; and that svlien the angle of inclinotton 
^^ries, it is as the sine of th;..! angle. Hence it follows 
that it decreases in the compound ratio of the square of 
the distance taken inversely, and the sine of the angle of 
inclination taken directly. To solve this problem then, 
wc jnuyt find that height of the luminoui* point in the given 
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p€fpen<iici]larf ti^hich will render tljis ratio the greatest 
possible. 

But4t will be found that this ratio ib greatest when the 
perpendicular height, and the distance of the object to be 
iliuTTiinated from the bottom of the candle, are to each 
Other as the side of a square is to the diagonal. On this 
given and invariable distance as hypothenusc, if a right- 
angled isosceles triangle be therefore dc^cribed^ the side 
of this triangle will be tlie height at W'hich, if the flame of 
the candle be placed, the given point or centre of the 
paper will be illuminated in the Inghcst degree poasihle. 

On this subject, the following problem, which is of a 
tiinilar nature^ miglit also be proposed; 

Two ca}idlcs of height^ placi^d ot the cjctrtmifkfi 

(f a horizontal line, he mg' gken; to fnd m that a point 
io stlnatedj that the objut placed in it shall Ac illuminated 
most possible ^ 

we shall not give the solution^ th;it our readers mav 
exercise their own ingenuity in discovering it. 

IMlOHLriM Ih\IJ. 

On the P^r^portion which the Light of the Moon bears io 

that of the Hmi. 

This 15 a very curious prublciu? but it was only within 
these few years that philosophers began to turn their at- 
tentimi to the principles, and means, ^/hicb can load to 
the solution of it, \Vc are indebted for them to M. 
Bougner, who has explained them m his. Treatise on (he 
Gradation if Light; a work tliat contains man)' curious 
particulars, a few ofw'hich wc shall here extract* 

To obtain this measure of the i ''iensLty of light, M. 
Bouguer lets out with a fact, founded on experience,^ 
which is, that the eve judges pretty exactly bv habit, 
whe^er two similar .nud equal surfaces are equally iilu- 
minated, Nothmg then is neccst^ary, but to place ar un¬ 
equal distances two unequal lights, or by means of concave 
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glasses the fo4:al dL^tiinct^ii of uhicb arc unequal^ to make 
them be unequally dilated, so that the surfaces which are 
illmninatod by tlieat shall appear to be so tEi an equal 
degree. The rcat depends merely on calculation: for jf 
two tights, one of which is four times nearer than tiie 
other, illuminate equaliy two similar surfaces, it is evideot 
that, as the degrees of the illiimination of the same light 
decrease in the inverse ratio of the sfpiares of the distances, 
we ought to conclude that t]»e splendour of the first light 
IE sixteen times as great as tliat oJ' the second. In Jil^e 
maiiijor, if a light dilated into a cueuhir space, double in 
diameter, iltununates us much as another direct light, there 
is reason to conclude that the fonner is quadruple th<^ 
secotid. 

liy ctDph>;yuig these means, M. Uongner found that liic 
light of tiie Min dnuinislied i ifjtM. Limes vias equal to that 
of a ilaniheau, wduch iliutiiLnate^ a surlhce at the distaucjc 
of 16 inches; iind that the same tlainbeau illuiuinaiin^'A 
similar (lUi face, at the distance of dO gave it the s^e 
light ail that of the moon, udieii dunimshed times. By 
compounding those two latio^ he cnnelutieii, tlial the light 
of tin? son IS to that of the moon, at il'eir nfcati distanc^!! 
and at the same altitude, as tu 1 ; that is to day 

more than *230 thonsand times greater From some other 
experiments he is even uielined to think, that the light of 
the moon is only eijuaJ to the IjOQ iboiisandth part of tb^t 
of the sun. 

The rcssult of a celebrated expeiiuicnt, iiitide by Couplet 
and La Hire, two acadeniici.ins of Pans, need therefote 
excite no surjirfsc. 'I'heso phiiusftjdji.Ts collected the 
lunar rays hy means rd the liurmiig mirrer at the Ob- 
servatorvi which is 35 mehes in diameter, and made the 
focus fall on the bulb of a iheruicjuieter, but no motion 
was produced in the liquor. And indeed this ought to be 
the case, for if we suppose a mirror like the above, which 
collects the jays that fall on Us surface into ii space 12Q0 
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6rl400 times less,'the heat thence resulting will hio 1200 
Qt 1460 times greater ; but^ oa account of the dispenloci 
ofthej^,s, it iviiJ be suificient to suppose this light to be 
thousand titnes denser than the direct light, and the heat 
in ptoportion. A mirror cF this kind then, by edn^ting 
the lunar rays, ^vonld produce in its fVicus a heat 1000 
times greater than that of the moon. If 3f>n(X>0 tbere« 
fore be divided by 1000, wc shall have for quotient 300, 
which expresses thp ratio of the direct solar heat to that of 
the moon thus condensed. But a heat 300 times less than 
the direct heat of Iho ^jun is not capable of producing any 
eflfect on the liquor in the thermometer. This fact then 
is far from being ini'X[dicahlej as we are toltl by the author 
of the HtU^ry of the Progress of the humun Mmd in 
Phiio^ophij^^ for it is a necessary consequence of Bougucr'a 
calculations, which this writer no doubt overlooked, 

c shad. In tlic last place, observe, tfuiL Boiigner found, 
mean caiciijation, that tijc splendour of ihc sun, when 
on the horizon, snp]KJsiug the sky to be free from clouds 
or fog, is about 2fJ0O flines les^s thajj uhen elevated 
The Ciisc ought to be the same also with Uic light of the 
moon. 

PRf>ivLr>E LMiir. 

Of aria in Op! kid Iltumns* 

i. If 1 uj take a M*«tl witli a ryplicr ’raved on it, and 

view it through a convex of an iuf n ur more focal 

distance, the cypher 01 engraving will be -veu sunk in the 

stone as ft really is; but if you continue to look at it, 

without changing your hitualioii, you will £ioon see it in 

relief; and by still continuing to look at it, you will sec it 

once oior^’' sunk, and theti again in iclief, SoEnetiitiCs, 

aftet having disc on tinned to look at it, instcdid of seeing it 

suukj^ it will appear in relief \ it will then appear sunk, 

* 

* SCDvnffl HiitOfie Wf' Pr^^rh PEtp* d kumoifi dufu ici Ounces 

90 U T ,* 
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and so DP. When the side of the light changed| thif 
generally causes a change in the appearance* 

Some have taken a good deal of pains to disoofer the 
cause-of this illusion; which in our opinion may bo 
plained without mucli difficulty. When an object is 
viewed with a tens of a short focal distance, and conse¬ 
quently with one eye, we judge very imperfectly of the 
distance, and the imagination has a great share in that 
assigned to the image which we perceive. On the other 
hand, the position of the shadow can never serve to rectify 
the judgment formed of it: for if the engraving is hollow^ 
and if the light comes from the riglit, the shadow U on the 
right j it is also on the right if tlic engraving is in relief, 
and if the light comeii from the left^ But when an on* 
graved stone is attentively viewed with a magnifying gloss, 
we do not pay attention to the side from which the light 
proceeds. Here then every thing, as we may 
ambiguous and uncertain; consequently it is not snr{|i^ 
ing that the organ of sight should form an undecisive and 
continually variable judgment; but we are fully persuaded 
that an experienced eye will not fall into these variations. 

The same phenomenon is not observed when rhe ex¬ 
periment IS performed xvith a piece of money. The 
reason of this probably is, that we are accustomed to handle 
such pieces, and to sec the 6gure& ou tbem in relief, 
which does not permit tlie mind to form, in consequence 
of the image painted in thi^ eye, any other idea than that 
which It always has had on seeing a piece of money, viz, 
that of iigurcs in relief. 

IL If a glass decanter, half 6lled with water, be presented 
to a conceive nurror, and at i proper di^tancoi that is to 
say between the centre and the focus, it will be seen in¬ 
verted liefore the rnirrori But it is very singular, tn regard 
to many persons, though it is not general, that they 
imagine ttey see the water in tlie half of the bottle tiejt the 
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n^dk, which is turned downwards. For our part^ wo are 
of opinion that the cau!$c why some think they see the 
wa^er ii^his situation, arises from their knowing by ex¬ 
perience that if a bottle haff filled with water be in.v^tedi 
the fiuld wilt descend into the lower part, or that next the 
neck. 

Another cause concurs to make us judge in this inaoner. 
When a decanter is fialf full of very pure water, each half 
is as transparent as the other, and the presence of the 
water is perceived only by tfie reflectiotf of tlie liglit which 
takes place at its surface; but in the inverted image this 
surface reflects the light hcloiv, and even with the same 
force; by which means we arc led to conclude that the 
fluid ia at the bottom. 

This subject may be farther CTtcmplified as follows* 

Take a glass bottle; fill it partly with water, and cork 
it i^the usual wa}” place this battle opposite a concave 
mfSSlflor, and beyond its focus, that it may appear reversed: 
then place yourself still farther distant than the bottle, 
and this will he seen inverted in the .aii\ and the water, 
which is really in the lower part of the boitlc, will appear 
to be in the upper. See fig. t5S2, 53, pi* >1.—If the bottle 
be inverted while it is before the mirror, the image will 
ap|>ear in its natural erect position, and ihc water will 
appear sn the lower part of the bottle. AVhdc it is in this 
inverted state, uncork the bottle, tlicn uh.le the water is 
running ovit, the imai^e is idling. Rut as soon as the bottle 
is empty, the illusion ceases. The illusion aKo ceases when 
the bottle is quite full 

The remarkable circumstancos in this experiment arc, 
1 st* Not only to see an object where it is not, but also 
wher^its image is not, 2d, That of two objects which 
are really m the same place, as tlic surface of the bottle 
anflthe water jt contains, the one is seen in one place, and 
iho dther in ahc^thiT, &c.—II is conceived that thb illusion 
arises, p^Mj from our not being accustomed to see water 

T 2 
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suspended in a bnttle witli thu neck do\rnward, and partly 
from the 'rebetnidanc« tlit:re h between the colour 0 

p 

water aud tbe air. ' ^ 

AddifiOiial Atnus^tenfs aitd F'xlievivients (PiVA 

rons Siiyiis destnbtd ij/ Mr. Jdams, Mr. Jotiest Sfe,, 

1* P/acing yoerjself bdore a concave mirror, but ferther 
(roni it than tlie eeiitrej you will see an inverted image of 
yourhclf^ but bmaller, in the air between you and the 
mirror; imlJing out your hand towards the mirror, the 
hand of the will cornu out towards your hand, and 

wlicn at the centre of concavity, he of an equal size with 
it; and you may as it were shake handis with tlib aerial 
image. ()ji advancing your hand farther, the hand of the 
image pasives by your hand, and conics between it and 
your body: on moving your iiand towards one side, the 
hand of the image moves towards tlie other, the inr^ge 
movjng always contiariwi?^^ to the object. All this 
the by-standers sue notfnng of the image, because none of 
the redt'ctcd ri3"s vvlucli form it cuter tlicir ovcn. To 
render tins cftcet more sur]>riziiJg, and more vivid, the 
mirror is often couccaicd in a box, after the manner as we 
slialt hbew [irc.seMiy* In hict, the appearance of the image 
in the air, between the object and the nnrror, has been 
pfoducUve of many agreeable deceptions, winch, when 
exhibited with art and an air of inyi^tcry, have been very 
fiuccesstuj, and the source of ciiiolunient to many of our 
public tjhov^mon. In this manner thet' have exhibited the 
images of ainmalcd and other ohjeets, in such a way, as to 
fiur[)rizc the jgnorant, and please the ^^ciontific, or better 
informed, ^ 

2* Ml. Ferguson mentions two pleasing experiments to 
bo made with a concave nnrror, which miiy be eaaijy tried. 
If a 6rc be made in a large room, and :■ smooth, well^ 
polished mahogany ta£>ie be placed at a good distance 
the before a l^ge concave mirror, so ths^t the light 
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of the fire may be reflected from the mirror to Ua focus on 
tile tnblef if you stand by the tdblu^ you will nothing 
0ut a ii>efg beam of l^ght; but if you sUnd at sQiricdi^tanCCj 
aa towards the fire^ will see, on the table, an inmge 
of the,-fire» Urge and erect; and if anoUier peraooj w^ 
knows nothing of the tnatrer beforcliand^ Nhuuld rhance 
to enter the room, he wiil br startL'd at tlie apptMrance, 
for the table will seem to bo ou firv, and, b(;ing near the 
wainscot, to endanger tiie wfaoic hons<^. For the betcei 
deception, tberu ought to be no light in tljo room but what 
pryiceeds from the fire. 

If (be fire be darkened by rcen, ami a lai go candle 
be placed at the back of the bcreen ; iJieii a [KTsuri sUtid¬ 
ing by the candle will see tlie appearance of a fine large 
t^tar, or jatlier planet, oxi the table, as large as Jupiter or 
Venus; and if a small wa>t taper be placed iKiar tltc caiidJc, 
it will appear as a satidlite to the planet; if tlic taper be 
mfiyed round tlie candle, the satellite will be seen to go 
toiiml tJic planet. 

4 h T/fc Si*tiple Camera 0(ficura^ 

A camera obsenru, lery useful to paauers, artists, 8tc, 
may he easily constructed by mcair^ ol a snigU lens only. 
When kmdvCisjies or distant objccit are to he represented, 
a lens fioiii 4 to I Si feet Jocu'^ may be nseil, according to 
th e si^e tt\' the looiu and Llie picture. Bu; ior representing 
smaller figures, uualcl’-^ or pittmes, a leu's from about 9 
to 12 inelieslocu^, sUid aboul 2 niches and a had in diameter, 
will be bent, h must he h\rd in a bail and socket, or, 
simply in the irmdloiv-shutu r ol tlu; darkon<'d room. Mec 
fig. A4, ]d* n. A sumil] temporary w^orJen iVame or 
B, may attached to tlie shutter, un wUtcIi nimt 
steadily Sxed the figure or picture hjn‘rtecL "I'o suit 
lenses of di iTi rent foci, the stage may be conveniently 
from 12 to 24 Ltichc^i in length. 

A white pa^er screen, n, being brought by trial to a 
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suitable distance witiiin the darkcne<I rflom, will recciVe a 
beaut [fid TcpreiieiUation of the external object and ftoiti 
which the artist may readily copy, or trace the various 
parts of them. 

By means of a plane rejecting glass mirror/pl^ed 


obtiipicly, the images may be reflected down on ^hite 
painted table, or one covered with white paper,"within 
the room: but in this case they wiH not appear bright or 


distinct, owing to the light being aomewhat diminished by 


tliis rcfioction. 


5, TVie Dioptrkal Paradox^ or Optical Deceptlm^ 


Plate 17, Jig* represents the dioptrical paradox- It 
consists of a mahogany base Anc:^, about 8 Ltiche^ a<juarc, 
with a groove, in whicii slides various coloured printa, or 
ornainentai drawings: and connected with the base are, a 
pillar i.jii horizontal bar with a perspective g, which is 


placed exactly over the centre of the base, and eonta^ing 
a glass of a particular form. The cunoas and s«r)iming 


effect; of this instrument is, that an ace of diamonds, in the 


centre of one of the drawings, when placed on the base, 
shall through the perspective g be actually represented a^ 
the ace ot“ clubs ; a figure of a cat in anotljcr, seen as an 
mvl; a letter a, as an o; and a variety of others equally 


astonishing^ 

The principle of tins machine is very simple, and is as 
follovis. The glass in the tube g, which produces this 
change, is somewhat on the principle of the common 
niulnplyfng glass, and is jejircsented at fig. 55. The only 
difference is, tliat its sides are flat, and diverging from its 
hexagonal bti'ic upAiards, tv i point in the axis of the glas^, 
like a py runnd, each side forming an tbosceles triangle. Its 
dbUnee from the eye is to be so adjusted, that eachaii^Iar 
^idc, by its refraettve^power on the rays of light cooling 
from tlio border of the print, and such a portion degigocdly 
tliere placed, will refract to the eye the various parts as 
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one entire figure to be represented; tlie slwpe of the gluss 
pre?ejiting atiy appearance of the original figure in the 
eeiftre^ such a& the acc of diainondi^^ being seen: so that 
the ace of clubs being previously and moctiaiiicalty dravrn 
Oft the circle of i el ruction, at six diiferent parts of the 
border, i, 3i 5, 6, fig, 57, and artfully disguised 
ibepQ by blending them with it; then the glass in the tube"' 
O will change, in appcarfincr, the ace of diamonds into 
the ace of clutsi And in like manner for the other priuts- 

6. The Optical Paradojc, 

Plate 17, fig. 5$, ia a represenUtion of the double per¬ 
spective, or optical paradox. One of th^ perspectives of 
tile instrument being placed before the eye, an object wilt 
be seen direetJy through both, A board a, or any opake 
object, being interposed, wdl not make the lea's! obstruction 
to the rays; and the observer will be surprized that he 
sees through a perspective having the property of penetrat-^ 
ibg as it cither solid metui or ivood. 

The artifice in this InstrumerK consists chiefly in four 
small plane mirrors, ii, c, i, of wlm h a and d are placed 
at an angle of +5 degree:* in tiic two fjcrspectives, and 4 
and r parallel to them m the trunk ia^^low; this being so 
formed as to appear only as a solid Uumjle to the two per¬ 
spectives. It is hence obvious that, on the principle of 
catofUrTes, the object T, fifhng on the fiist mirror d, tvill 
l>e reflected down to c, ilicuce to 4, up to a, and so 
out to the eye, giving the appealaace of the straight Jineat 
direction ad* 

7. The Endless Galkiy^ 

pk 17, represents a box, about tS inches m 
Jcftgth, 12 lu widtii^ and 9 deep, oj any others that are 
.Q^ty ill thii same proportions* Agaiiuit each of its appo¬ 
site ends A and a within place a plane true-ground glass 
niifr or, as (r ce f fTmi vei ns as 11 assi hlo, of t h e dimen si ons nearly 
«4]ual to the on]}* allowing a small 5pace for a trails 
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parent paper, or other cover, at top* From the middle of 
the mirror r, placed at b, take otf neatly a round surface 
of the silverin^j about an inch an<] half in diameter, 
against uhic'h, m the cud of the hoy, must be cut a hole of 
the same size, or less. The top of the box should be of 
glass, covered with gauze, or of oiled t^aTl^parct^t paper^ 
to admit as much light as possdde into the box* Otl the 
two longer sides withm niust be c ut or placed two grooves, 
at E ami r, to receive various drawings or pumtings. 
Indeed many groov'Ci> mav ho cut to tfic hides, for the re¬ 
ception ol' a variety of olijcct%* Two paintings or good 
dra^Trlngs, of anv perspective subject, must he made on 
the ti^o Opposite faces of a pasteboard, a^ at fig* 60, ni, 
siicli us A iorcst, gardcn^, eoloiinailcs, &c: after bav^ug 
cut ibc black part^ jicullv out, phice them m tlie two 
grooves, e, i', of the box. Take also two other boanU^ of 
die same diuionsmtist [saluted on one side only with similar 
subJocLs, to be placed at the opposite ends r and ii; ob¬ 
serving ihat the one wliicli is lo be placed against c should 
JuLve iioihjug drawn there to previait tfie sight, and that 
tilt! other, for the njjposilc end ii, shonki also not be very 
full of ligure^', tIaU after being neatlv cut out, and placed 
against the it may cover but a small parr of it* The 

to]) being then closs'^d ever ivitb lU transparent cover, the 
instrunjciiL is ready bn' n^c. 

The oHcvt is very sinking and entertaining. The cye^ 
being applied to the bole c,’inll sec tin: various objects 
drawn on tlie scenes retlet^ud in a successive ami endless 
uiaiuKT, b\ lu'iiig reflected i It or luUcly frirui each mirror to 
that w liuh is ojiposiie. As lor iuistaiice, d they be trees, 
they v.i\i appeuir an entire trrovt., very long^ seemingly 
>vithout end ^ eat^h uuiror repeating llic objects uioro 
faiutiy, tin rvflmmns are more numerous, and bOt^ctn- 
tributing still nim-e lo the illusiout 

Ingcmiity 'mA sugges>t a variety of amusing figured^ of 
men, women, 8tc, to increase the eflfect* Ami two mriirpii 
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mav also b«; placed* on tbc longer sJdes, to convey an idea 

of {^reat breadth, as well length, 

*1 

8 * 2Vt^ /leal jfppaniion* 

Behind a partition ab, (Hg, [j 1, 18), place soifiowhat 
incUoed a. conceive mirror r^p, uhich must bo at least 10 
inches in diamoter, and Jts di'iiaoco cqviivl to three-fourths 
from itstvntre* In the partition is cut a square or circular 
opening, oi 7 or ti jnclse^^ in dijmeter, directly opposite 
to the nnrrop- Behrnd this :i htroner jiirht is so di^po^ed 
to ilJnruinato sironi^'lv an jilaCt-d ut Ithont 

ling on tiic nni ror, and wuhont heing hccn at tJieopcn-' 
i'erjeaiii the iipertuie^ aiul l>c]iittd iljo iicreen, is 
ced anv ol>j<'Ct at hioh nitended to be vepresrntccl, 
but in an inv'crtcd posltjrjhn, ulnch Jiniy be eitlier a dower, 
or future, or jucteu , kc. Hefoie the partition, ami below 
the a|p'rinie, pLiee a flowerpot u, or other pedestal Kuit* 
able to the objeet i , so as tlie top ju.iv )je even wiih the 
bottoni of the aperture, anil that the eve jdaeed at Cw may 
Eiee the flower in ihe same ]>o^thoi} as if its ^tJlk came out 
of the pot* 'I Ije siM.t* bel'veeii lli*‘ un ior and the back 
]Mrt of tfu^ p 4 ititioii bein<; piiintiii Mi.k, 1o prevent any 
eJifr^ineoo', bgiit In I'lj^ reileetcJ on tl mn ror; and indeed 
thtj whole disposed >o as to be ns Jitih* enlightened as 
possible*—'i'jicn a pel■^^Hl piaci^d at ri will jierceive the 
flower, .jr other objeet, plaeed be limb *b(' partition, as if 
scunding iij the ibnvcrp(\,or peih‘''tal; h it on putting forth 
bi^i band to plntl- it, tie will find tliat Ik grasps only at a 
phantom^ 

Fig. (j\^, pi. 18, reprnsents a dilhirent position of the 
mirror ond partition, and better a''’ iptcd for exhibiting 
eflbct b”' vafioiis objeeU, agc is a thin partition of a 
i^dofn, dow:i to the floor, with an ajHirturc for a good 
convex ions titled outwards into the om, nearly in a 
horiEontal dtrection, proper for viewii tj the eye of a 
person standing upright from the floor foots too I» n is 
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a large concave mirror, supportcicl at a proper angle,.to 
reflect upwards through the in theparduon B,idnagei 
of objects at e, presoiited towaxdti the mirror belo^v. A 
strong light from a Limp &c, being directed on the object 
Sj and no where else) then to the eye of a apOctator at Pp 
in a darkened room, it is truly surprjzing and admirable 
to what effect the images are reflected up into the g» 

It IS from this arrangement that a showman, both in 
London and the country, excited the people to the sur* 
prize of wonderful apparitions of vanoua kinds of objects, 
such as a relative’s features for his own, paintings of 
portraits, plaster figures, flowers, fruity a sword, dagger, 
death’s tiead, &c. 

The phenomena to he produced by concave mirrors are 
endless; what have been just described will be a sufficient 
specimen of whai might be exhibited to elucidate the 
principles of that curious machine, 

PROntEM LXIV* 

/s it true that Light is r^cted mth more Fivacity from 

than from Water 9 

This assertion is certainly true, provided it be under¬ 
stood in a proper senhe, tliat is as foLlmvs: when light 
tends to pass from air into winter, under acertain obliquity, 
such as 30^ for example, tlio latter reflects fewer rays, 
than when the light tends, under the same inclination, to 
pass from water into air. But what is very singular, if the 
air were entirely miiovcd, ^o as to leave a perfect vacuum 
in its stead, the light, sofai from passing with more facility 
through this vacuum, whicii could oppose no resistance, 
would experience more difficulty, and more rays would be 
riiflected in the pas^^age. 

We do not know w'hy this has been given in the PiMb- 
$ophical Dramaciivm as a paradoxical no icily; for 
kind of phenomenon a necessary consequence of the 
Jaw of refraclioiii Wlien light indeed passes from a rare 



BEfiBCTlON OP LICIHT. 




qiedium ifito a denier, from air into water, the passage 
is altvays possible^ because the sine of the angle q{ ro 
4'fraotioti is^less than that of the angle of incidence, that is 
to say* these sines, in the present case, are in the ratio of 
3 to 4i Bat, on the other hand, wlien tight; temli& to pas$ 
obJiquely from water into air, the passage under a certain 
degi^ of obhfpjity U [mpossibfoj because the siue cif the^ 
angfe of refraction is always iniicii greater than that of 
the angle of Jiiculence, their sint-s, in this case, being in 
the ratio of 4 to 3, Theic is tlierefore a curUin obliquity 
of sudi a nature, that tlie sine of the angle of rcfractiou 
wouid be much greater than the radius; and ihts wdl 
always happen when the sine of the angle of incidence is 
greater, however small the esoess^ tiuii J of the radius^ 
which corresponds to aa angle of 43^ But a sine can 
never exceed rath js, consequently it is impossible, hi thb 
case,that the ray o1 light should penetrate the new medium^ 
Thus while light passe.i frotn a rare inediimT into a denser, 
from air into water for evample, under every degiee of 
inclinatioii, there are some rays, viz, all those wliidi form 
with the refracting substance an angle less than 41*^ iM/, 
that will not admit of the passage of hght from water into 
air; it is tlien iinder the necessity o/ being ivtlected, and 
refraction is changed into rrlUietion. Bui though light 
inav pass from water into air, under greater angles of in* 
dmation, this tendency lo be refleervd^ or tins difficulty 
of proceeding from one oiediiim nno another, is con¬ 
tinued at all these angles, in such a iiiaiiner, tlut fewer 
rays are reHccted when they tend to pass from air into 
water under an angle of than ivhcn they tend to pass 
Aotn water into air under the same angle. In the last 
place, '^heii light lends in a perpendictilar direction from 
^ter into air, it is more rcdectcd than when it tends to 
peas in tlic same direction from air into water. 

This truth may be proved by a very simple experiment. 
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Fill a bottle nearly i \o thirds with quicksilver, and fill up 
the other third vrith water; liv which niean&youivill have, 
two piiriillcl surlaccs, one of prater, and the b their of quick-^ 
silver* If you then pLtc a luminous object at a meaa 
height beiwccii these two surfaces^ and th 6 < eve oo^ the 
opposite side at tlie same height as the object, yml will 
Bee the obji’ct ifirou^rh the hottlej and reflceUMl almost 
■with equal vivacity from the surface of the quicksilver, 
and from that which separates the water and the air* The 
air the?), in this case, re fleets the light with almost as much 
vivacity as the quick “silver. 

Rum All tcs,“ 1 sL We have reason therefore to conclude, 
that the surface of tlje water, to iieitigs immersed in that 
fluid, is a much sLioiiger reflecting mirror, than it as to 
those beings winch are in LfJ^‘ air* Fishes see themselves 
nuiclt more dl^tfnc^l^, and clearly, when they near 
the surface of the waieiy than we sec ourselves in the same 
surface. 

4d* Nothing is better calculafed than this phenomenon 
to prove thi‘ tnith of the reasoin a^'^igued by Newton for 
reflection and refraction* Light passing from u dense 
fluid into a larrr, is, acc<irding to Newton, exactly in the 
same cabc a'l a stone lliiowii olillquely into ihe air; if we 
suppoije that the povier ol graviration docs not act beyond 
a dcterminptte distance* itucli for example 24 feet; for 
it may he demonstrated that, in this cose, the deviation of 
the stone would be exactly the same, and subject to the 
same law, as that followed by hgbt iu refraction. There 
would also he certam iiu hn. tioiis under which the stone 
could not pass From this al!nO''phere of gravity, though 
there were nothing bevond u fstpable of rcsjbting it, eiAd 
even though there were a per loot vocuuni. 

In this case how'Cver we must not say a^j a certain -cefe* 
brated man, when explaining the Newtoiiiau phriosophy, 
that a vacuum reflects light t thi^ is only a mode of speak^ 
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iag. To^xprcss our ideas correctly, we ought to say that 
light is sent back with greater force to tlie dense medium, 
'&» the med^m beyond it is r^rer. 

We are iar from being satisifiefl with what is said oti this 
subject In the Dicttanmire dVjiditsinc, into which one 
surprized to sec optical phcnottiena introduced; 
fof there asserted, that tins phenorncoon dtTpends on 
the mpenetrabdity of matter, and the high polish of the 
redacting surface, IJat when light is strongly reflected, 
during its passage from water into a vacuum, or a space 
almost free from air, where is the impenetnibifity of the 
reflecting substance, since such a space has less impene¬ 
trability than air or ivatcr ? In regard to the polish of the 
reflecting surface, it is the same, both for the ray which 
passes from aiv into water, and that ivhich passes from 
water into air. 


LXV, 

Ac^fOutti of a Phenomenon, either not obsmed, or Aii/terto 

itr^Lited by P/iifosophers. 

If you hofii your finger in a perpendicular direction 
ven near voiir oy e, that is to say, at the distance of a few 
inche,s a I and look at a crindlc in such a manner, 

Uiat the edge of your finger fihall u[)pc.ir to be very near 
the flame. \i»u uil! tee the border of the flame coloured 
red. If >outli(rj move the edge of ’■our finger before 
the flame, ^o as to r otdy tlic other border of it to be 
seen, this hiirJur will appear tinged with blue, while the 
ed^ of voiir finger will be coloured red. 

Jf the iauie experiment he tried with mi opake body 
sul^bundetf hv a lununous medium, ch for example aa 
th^ uprij-bt bar of a susIj window, the colours wilt appear 
ink contrary order. When a thread of light only remains 
between yoiir linger and the biirj the edge of the finger 
will be tinged ved, and the edge next the bar will be 
t>nrdered with blue ; but when yon bring the edge of your 
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Anger nca^r the second edge of the bar, so that it shalJ ht 
entirely concealed^ this second edge wHI |>e |itigc4 
and the edge of the finger would doubtless appear to fee 
coloured blue, were it possible that this dark colour could 
be seen on an obscure and bro^vn ground. 

This phenonieiion depends no doubt on the 
refrangibility of fight ; but a proper explanation of it Vas 
never yet been given, 

1 

PROBLEM LX VI, 

€ff some ether Curtous P/tenornrne tn regard to Colours and 

L When the winUnw is strongly iUiiraitiatcd by the light 
of the day, look at it steadily and with attention for some 
tninutchp, or until your eyes become a little fatigued ^ if 
you then shut your eyes, yon will see in your eye a repre* 
fieiitatiou of the squares which you looked at- but the 
place of the bars will be luminous and white, wfiile that of 
the panes will be black atid obscure, if you then place 
your hand before your eyes, in such a manner as absolutely 
to intercept the remainder of the light which the eyelicisi 
suffer to pass, the phenornonon will be changed ; for the 
sc^uares will then appear luminoiu, and the bars black: if 
you remove your hand, the panes wdil be black again, ahd 
the place of the bars luminous, 

IL £f you look steadily and with attention for some 
time at a hunmous body, such as the sun, when you direct 
your sight to other ohjec,s in a place very much iilu- 
minated, you will observe there a black spot: a little fesj 
light will ^be spot appear blue, and a degree still 
less wiil mdkc it become purple: ni a place absolitmy 
dark, this spot, which you have at the bottom of your eye, 
will become Jumiitous. 

nr* If you look for a long time, and till you are sortie* 
wfeat fatigued, at a printed feook through gnien glasses ; 
on lemoriiig \tie glasses, the pi^er of the book will appei^r 
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reddialn if you look at a book in tbc same manner^ 
through jredjglass^.; when you lay aside the glasses^ the 
oF th^^o6k will appeajT greenish* 

IV* If yoU’look ^vitb attention at a bright red spot on 
a \Thite groaod^ as a red rvafer oiu a piece of wlute paper, 
you tfill see, after some liaie, a blue border around the 
'wai^jjuijr^^ou then turn your eye from the wafer to tiro 
white paper^ you will see a round spot of delicate green, 
inclining to blue, which will contrnue longer according to 
the time you have looked at the red object, and according 
as its splendour and brightness have been greater* On 
directing your eyes to other objects, this impression will 
griuJualJy become weaker, and at length disappear* 

If, instead of a red ivafcr, you look at a yellow one j' on 
turning your eye to the white ground you will observe a 
blue spot.—A gret'u wafer on a white ground, viewed in 
the same manner, will produce iri the eye a spot of a pale 
purple colour : a blue wafer wilt produce a spat of a pale 
red* 

In the last place, if a black ivafer on a wbite ground be 
viewed in tbc s*imc manner, after looking at it for some 
time With attention, you will observe a white border form 
itself around tfio wafer j and if you then turn your eye to 
tlic white ground,you will observe a spot of a brighter white 
than the ground, and well defined. When you look,at a 
white spoi oil a black ground, the case ’-''ill he reversed* 

In these eKpeniucnrs, rod is opposed if* green, and pro¬ 
duces it, as green produces red ; blue and yellow are also 
opposed, and produce each other; and the case is the 
same with black and white, winch ovideatly indicates a 
constant cfioct <lopcading on the org inination of tlie eye, 
yhis i** what is called the colaur^^ an object 

first considtrcd by Dr, Jurin, which Buffon afterwards 
extended^and respecting which lie transmitted a memoir 
in 1743 to the Royal Academy of Sciences, This cele¬ 
brated .man gave 110 explanalion of tliese phenomena^ and 
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only observed tbat, tfiough certain in regard the cor-- 
rcctiM'^s of Ills ex[jcrimeiJts, the conscgjjencei dJd not 
pear lo be so well eatubljsli^ as to a;dTfll^ of" biA fproi!^ 
an opjiiicni on Lite prodnctiori of these coloun* 'fhere is 
reason however to believe that he would Ji^ve expl^ued 
the cause, hat) be not bccji [ircvcnted by other occu|Ail^ 90 ^ 
But tbi> deficiency lias been supplied by Dr* of 

Montpellier j for the explanation wliich he has ghrtfi of 
these phenomenaj and several others of the same kind* ill 
the Jvurmi Physique for May and July 1716 *seems to 
be perfectly satibfactory* 

PRORLfiM tXVII, 

To dcimnine how long the Sensation of Light remains in the 

Et/e, 

The following phenomenon* which depends on this dura¬ 
tion* is well known. If a ^ery stick be moved round in a 
circular manner, with a inotioti suiBcIcutly rapid, you will 
perceive a circle of fire. It is evident that this appear¬ 
ance arises merely frum the vibratigu impressed on the 
fibres of the retina not being obliterated, when tbc image 
of the iiery end of the stick again passes over the same 
fibres; and therefore, though tt'Js pioWblo that there ^ 
only one point of light on the retina* you every modient 
receive the same setisatton us 11 the luminous point left a 
continued trace. 

But Lt lias been found by calculating the velucily of a 
luminous bfaly put in mot on, that when it makes its revo¬ 
lution ill more than d third-, tlie string of fire U inter^up^ 
ed ; and hence there is roasou to conclude, that the im¬ 
pression made on the fibre continues during tliat intorvai 
of time. But it may bi? asked, wiiether this time is the 
same for every kind of light, whatever be its intensity? 
We do not tliink it is; for a briglitof ligiit must excite r 
live her and more durable impression * ^ ^ 
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j^UPPLEMENT, 


'i^dftCaitiing Arcoimt 0/ the Ma,il Curious Aficrv-^ 

scopical ObscrsfQtions. 

PlpLOSOPUEES wero iM sfioTH'r tn ^jo^st ssioii of the 
than they hcjrjn to^"^mi)loy ihis n'ojidcrfijl in- 
'hi examuiin;^ t’u: ^JriHtiiro of IjoJio*;, whicli, lu 
fua^eqwcnce of tlicir tiiintUt nosSj luid ht-Torii edndof] their 
observahon, Thero is sciucoly iiii oh'; t‘L in nature to 


which the microscope iwis noi been applied ; and scnTal 
have exhibited such a spectacle as no one could have ever 
imafriiii‘d. WKii nulccd could,he uioro unexpected than 
the animals or moheula^ (for phiiosopUor? are not yet 
agreed in regard to their animality) i^liich are Keen swim¬ 
ming \ti vinegar, in th^" inf uMoui of plants, and in the semen 
ofanniJiiK? What c.ni be nujrccurioii' than the mechanism 


in the orgau'i ot the j^rcater part of insects, and particu¬ 
larly those wliicli in general escape our notice ; such as tlte 
trunks^ feeler'^, terebra:: or augres, St# ? What more 
W'orthy of ndimratinrt than the composition of the bloodp 
t)ie elcmeiiisrif \i iildi wo arc enabled to jn rocive by means 
of the microscope; the texturo ot the epidermis, the 
itructiire of the liclien, that of moiildiness, Stc? We shall 
here take a view of t[ie prniLipal of those phenomenal and 
i^ive a short account of the most curioe^? obscrvaljons of 
this kind. 


^1- 

the Jnwuiki or Pretended AmynaU^ in VviegsTy and 

the at fusions of plants, 

IsE Leave vinegar exposed for some days to tlic air, 
and then place a drop of it on the trail'^parent object-platc 
of the microscope, whether single or compound: if the 
object-plate dlumiiiated from below, yon will observe 
in tins drop of Mquor, animaE re^tmbliJig small ceb, which 
arc ill continual motion. On account of the circumvolu- 
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tions ttinch tiiey make with their long,%len<fcr bodies, they 
ijiity be justly compared to snml} terpeM!^ ' J ^ , 

liut it would he wrong, as many shlipl^ people have 
done, to asenbe tljc acidity of vinegar to the action of these 
animalcules, wlicthcr real or supposed, on the tongue and 
the organs of tastc^ fur viiiegitr deprived of them is^ualJy 
acid, if not more so. These cels mdeed, or serpepte, are 
never seen but in vinegar winch, having been for aome 
time exposed to tlie air, is beginning to pass frotn acidity 
to pntrehietiou, 

2d, If you infuse pepper, shgUtlv bruised, in pure water 
for iome dav>i, and then expose a drop of it to the micro¬ 
scope, you will behold small animuls of another kind, al« 
most wnbont number* They arc of a inoderateiy oblong, 
clhfideal form, and are seen in eontiniud motion, going 
backwards and forw'ards in all direciions; turning aside 
■when they meet each other, m wJieu their pai^sagu is stop¬ 
ped by any immoveable inasb* Some of them arc observed 
sometimes to lengthen llieaiselves, in oidcr to pass through 
a narrow space. Certain author^ of *i lively imagination, 
it would ap]>eaL', even prercud to have seen them copu¬ 
late, and bring loitJi; but tbiii assertinu wo are not bound 
to believe. 

If Ollier vegetable bodies be infused ui water, you will 
see ammalcuies of a diilbrent sfiapo* In cvrUin infusiom 
they urc ot an oval lorm, with a small bill, and a long tail: 
in othiTs tlicy have a lengthened shape like li^irds: In 
some they exhibit tiic appearance of (.ertaiu caterpillars, or 
worms, armed with hmg bristles; and some devour, or seem 
to devour their cocnjiuiuon^. 

When tl '** drop irt winch tlicy swim about, and which 
to theJii is like a capacious bason, becomes diiuiuishedLbj 
the effect of evaporation, they gradually retire towards tlie 
inidkhe, where they accumulate thcnit^lvi^, and at length 
perish when entirely deprived of moisture* They ^en 
appear to be iu great distress; writhe tlicir bodies, and 
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cn^leavour to OiiC^ipc from d^atli, or tfkut state of uneasiness 
which they ei;pYietic<\ !n gencrn), they a have strong 
arcrsiQiido salh^^'Or acid Jiquors* If a small quantity of 
vitriolic acid b&'put iivloa drop gf infusion which swarms 
with these insects, they inimcilLitcly ilirow tluHiiselves on 
backs and e^jiirc ; homctimcs lositio elicit' bkin^ which 
bursty i^nd aulfers to escape a quantity of small globules 
that may he often seen tlirougli their transparent skin. 
Tile Cftse is the saiue if a little mine be thrown into the 
nifusion. 

A qiiestioii here iiiituraNy arises: ought these moveable 
molecnlif *o be considered as animiiK? On this subject 
opinion> are divided, tlLiffoii thinks they arc not annuals; 
and coiisigii'v them, a?! well as ^pci mattc animals, to the 
class of certain bodies which he cal In or^atue moltwliTt 
But \vh:it ii meant h\ the o?ipression organic moli'cnlsi^? 
As this question would reipiire too long discusMOo, we 
must refer tlie reiulor to the Natural History of that learned 
and cefebrated wntor. 

Needham al-^o contests the ariHiialltv of tliese small 
bodies, that is to '^ay perfect animality, wliich consists in 
feciling,nic rca'ping in si^, multi plying, <indbcmg endowed 
with spontaueouN motmii; but lit; allows them a sort of ob* 
scare vitality, atid from all Ins observations lie deduces 
COuseqlienees on winch ho lias foundH a very i^ingular 
system, lie is of opinion thiil vegetabj - matter tends to 
atiimah^e itself. As tht^ eel> (iroduced oi flour paste act 
a cniispicamis part in the syfvtcin of tins naturalist, a cele¬ 
brated writer has omitted no ojiportunity of ridiculing his 
ideas^ by calling these animals the eels of the Jesuit Need¬ 
ham, and rt'prcE^i'nnng hi in as a partisan of spontaneous 
generation, whioii has been justly exploded by all the 
modern philosophers. But ridtciifc is not reasoning: we 
are so Uttle nequamteil with the boundaries between tlic 
vegetable and dnmial kingdoms, that it would be presnm- 
ing'loo much to fix theixiL But It must be allowed that 
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idens on this stihjoct are so tbftit Itr oiir 

opitiiori fc^v iMvts been ulik to comprehend . 

Otiicr naturalists arrd ■ obberi^crs assert'the abitiutlitv^df 

+ ' 

tbesi^ small Ueinjrs; for they ask, by vdiat can an animal 
Ijc better cbarjcterizcd than spoiitwrieity of motion ? But 
these inolfcuke* when they meet eacli other in th^'Coarse 
of the ij" Hiort'iiientSj retire backivai ds, not by the eifeefcof 
11 shoek as i\rv elastic bodies would do, but the part ^rhioh 
J? ftener ;di,. foiernost turns asule on Ihe approach of the 
boily that meels Jt: and sometimes both move a ffOiir 
their direction, in order ut avoid nmmng ai^ainbt each 
other. They bavcj never yet indeed been seen for certain 
to G<ipnlate, to pinduce or evem to feed ; but the last 

mentioned tuuction tlicy nmy perlorm ^iitbout any Hp- 
partmt act like the greater part of the other animaiculcsi 
Tlie sm.illness and sirati^e fnriii of tficse iiinlGcnlm can af^ 
ford no arjjunieiit ;Lj>iunst their an'miulityi I'fiat of the 
water P0I3 jirs is at present na longer doubted^ though 
llieir form \< very extraordinirv, and perhaps more 
than that of the moving moleciila* of ijdii>iond. Why 
then should animality berefiiKi.-fi to the hitter? 

It might however be repltedj in oppfisiiion to tliia sup* 
posed Mini unity, thit the [lolvpe it seen to increase insiv.e, 
to regenerate itself^ in u way indeet] very duierent from 
that of the «'ent ralitv ol aidniaK,aod in particular to feed- 
The pretended Tincrosrc]|ne a (^^^n,Jl^^ lio notiiing of the kind, 
and ctmseije.entiv oughr not t* be ranked in the same class, 
But It most be idioiecd ihat tijis subjeet n sidl involved iti 
very great ob^'iirity ; and therctore prudence recjuiiTs’ 
that \vc should buspend our opinion respecting it, 

§fi. 

0/Spenm^ic 

Of the mlcroi^copic discoveries of the last century, none 
has made a greater noise than that of tlie mdnnginole^uTa'; 
o&setved in the semen of animals, and which are jthlted 
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Si^nn^ia This lijngular tJiacovery waa,iii'iit 

Qiailis ;;kiid44Hofi[Ked by thti cul^br^ted LoivcTtiiocik, ^v)lD 
observed human aemen a niqltituclt? of jsinuli bodies, 

itioftt of them with very long silti^ider tails* and in coytmuftl 
motion^ Iti &iBe tlioy wore much less tljim small 
graiii of fiand* and even minute i|i ^iome bemmal liquors 
that#'hundred thousand, and oven a vnilllaii of them weru 
libt equal to a popp)^ seed, Uy another Odleniatton Leviein 
hoek has shown* UiaL in the luik ot a ttnUfisfj, there urn 
more animals of lids sj>ecics* tliaa huinau Leiiigs on the 
ivholt^ surface of the earth, 

tewenhoek oxuiniiiud -lUo the prolilic l!t[iuir of n great 
many atiinial^,^bath quadraand Inrd^, and that even 
of popic ijibccts* 111 all tl^csc he oh^inved nearly tfie sunio 
phenomenon ; and these K'seau liCp smee re|jeatrd by umny 
other observers, f>avc given riso to a hystem in legard to 
generation, winch it is nmieecssiiry licrc to csplatij, 

No one Iiuwovlt lias made moro earefnh iiiuro cor.- 
rect obscivatJons on this ,subject, than ISulfun; and lor 
this reason we shall [)ivc a shuit vjcsv cd 1 h^*m* 

Thi'^ t'eU'brat<‘d naturabst, having [irocnroJ a consider^ 
able quanlity of ^eiiion, extruded ftoui iho boiiiinal vessek 
of a man who had perisht^ hy a violent death* obiiCrvod 
in it, wljcii VH'ivcd tliroiii^li an oxoLvlletit irjieroscopoj iong^ 
ish hlaiuauts, which Ind ^ kind of vibratory motum, and 
winch appealed to contain lit tE^e uj^idt lutl bodies* TIiq 
ifetucu having ajsumed a hit Jo more Huunty, he saw thciie 
hhimcnts swell up in some paints* and oidong eJlTptiCiil 
bodies issue from them ; a {jart ul which remained at first 
attaclied to the filaments hy a very slender long tail* 
Some time after, wlicii the sciuoii had aeqmred iv^tdl 
gr'^dter dL ^rce ot huLdit 3 ^* the fdaiiients disappeared* find 
nothing vemaincd Jti the hquoc hut tlie!>e oval bodies with 
tails, by the oMvemity of which they seemed attached to 
a^ud on which tlu^y balanced them^elvei likt; 4 
jH'ndiiiuin, biivjiig however a progressive im»Uon, though 
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^\o\v^ and ae it were embarrassed by the adteslofi of tbcir 
tails to the fluid; they exhibited also a sort 
tioTi, which seoins to prove that they had not» flat bafe^ 
but tbsit thetr traiisveri»e section was nearly routiti* tn 
about twelve or flftecn hourii after, the liquor having’nc- 
quired a still greater degree of tiuidit}^, the stnalt moving 
molecule bad lost their taiiii, and appeared as -oUiptic 
bodies, moving with great vivacity- In short, as the mat¬ 
ter beciinic attenuated in a greater degree, they divided 
themselves more and more so as at length to disappear, or 
they were precipitated to the l>ottom of the hquor, and 
seemed to lose their vitahty, 

Buffion, while viow'ing these moving molecolm, once 
happened to see them file off like a regiinent, seven by 
seven, or eight by eight, proceeding always in very close 
bodies towards the same side^ Having endeavoured to 
discover the cause of this appearance, he found that they 
all proceeded from a mass of filaments accumulated in otic 
corner of the spermatic drop, and which re&olv^i itself 
successively in this mantier into small cniongatetl globule?, 
all without tatlb. This circumstance reminds us of the 
singular idea of a naturabtit, who observing a similar phe¬ 
nomenon in the semen of a ram, thoufflit be could there see 
the reason of the peculiar propensity which sheep have to 
follow each other, when they march together in a flock* 
Buflbii examined, in like manner, the spermatic liquor 
of various other auimais, ‘^uch as the bull, the ratn, &c, 
and ufwayB discovered tbe same molccul®, wldcli at first 
had t4)]ls, and then gradualTy lost them as the liquor as¬ 
sumed more fluidity. Sometimes they seemed to have no 
tails, even on their first appparance and formation* In 
this respect, Buffon's observations differ from those of 
Lewenhoek, w^ho always describes these ammalc^lea 
having tails, with wbj^h he says they seem to assist them-^ 
selves in their movements; and he adds, tbit they arofeen 
to twiBt themselvefi in diflercTit directions. Bafifon’s ob* 

V 
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also ftnm those of the Outc}i naturalist in 
another rei^iit, as tho latter says that lie never could dis¬ 
cover any trace of tlict^eaNin^alenlcs in the semen or liquor 
e)ttraeted from the ovarla of females; v^heveas BulTon 
the same moving nmlcculfe in Hut liquor, but not so often, 
and only under ctrtaui cireuiniitaiices, 

It appears from \v\i^t ha^hi'on sanh Hut many re^carchc^ 
ftiU leoiain lo be made ni regard to the nutui'o of these 
moving nmleciilepj sitice two observers so celebrated do 
not agree in all tiie circumstances of the same fact. 

Nothing of this JhJiid is observed in the other animal 
fluids, such as the blood, lymph, nuik, sahva, unne, gall, 
and cliyle ; which seems to indicatetIuiL these aaimalcules, 
or Jiving uioleculijt;, act a part in generatjon, 

§IIL 

Of the Anwiah or Moving Molecule in Spoill Corn. 

This is another microscopic ob‘>ervatu’iij, which may 
justly ba considered as one of Uie most singular j for if wo 
deduce from at all thobC consequeuces which some authors 
do, it exhibits an instance of a resuvj^ cticni, repccited, u::> 
we may' say, at pleasure. 

The disease of corn wliich produces this phono men on Is 
neither smut nor biigJit, as some authors for want of a suf- 
iicvent ktio'.vtedgo in re^^ard to the sjjeohc ddFvrcuces of 
the mHladios of giain, have asserted, but what ought pro* 
perlv to be called aftrriton or ruchiii^i. If a grain of corn, 
IN this state, be opened uidi cuuiion, IL wait be found fided 
with a while substance, winch readily divides it^yclf into a 
multitude of small, wlnte elongated bodiCH, like small eels, 
awelletl up in the middh'*. While lii^'se moIcculBE, for wc 
must bt allowed as yet to remain neuter in regard to their 
pr^uded animaljty, arc m this state of dryness, they c:k-r 
hibit no signs of life; but if moistened witfi very purij 
crater, they immediately put tbem&elws in motion, and 
show every mark of atiintality. If the Bold drop^ fo which 
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tijey arc placed, be suflereU to dry, they loiC' chinr^ttio^ 
tioii I but it luay bo rcbtoied to them at plcs^ro, even 
some mouths after their apparent dcdth,. 
them LO water, ('oittaua, an Italiati uaturaiUt^ does not^ 
hesitate to consider this phenomenon as a real re$arrec* 
tioii* If this circnmstEitJce aboiiid he verified by repeated 
observations, and that also of the Peruvian serpent, which, 
niay be restored' to life by plunging it in the mud, its 
natural element, several uionihs after it boi; been suficred 
to dry at tbc cud of a rope, our ideas respecting animality 
may be strangely ehaitged, Ibit we imj-it confess that we. 
give very little credit to the latter fact; though Bougiier, 
wlici relates It Oii the authority of Father Gmnilla a Jesuit 
and a French Surgeon, does not entirely disbelieve it* 
Some other observers, such as Rofirc^li, pretend to have 
distinguished, in these ecFformed mol ecu lie, the aperture 
of the n]C>utb ; that of tlic female parts of se^, jitc. They 
assert also that they have perceived the motion of the 
young ones contained in the belly of the mother eel, and 
that having opened the bod}", the young were seen to 
disperse themselves all over the cbjcct-plaie of the miero^ 
scope* These observations deserve to be further exa* 
mined, as a confirmation of them would throw great light 
on ammality* 

§iy. 

On t/it Movemtiftis of the Trtmdia. 

The tiemella js that gelatinous, green plant, winch 
forms itself in stagnant: water, and which is known to 
jiaturahsts by the name of, Ciinjtrm gdaXimsa oniniurn 
ien^rrivia ei mmimat iHfuarum hmo innatscats* It consists 
of a nuniber ol filamenU intei woven through each other, 
which when considered singly are composed of smttll 
parts, about a line in lengtli, uriitcJ by articulations^' ^ ^ 

This natural prodnetiun, wben viewed withnaked 
eye, exhibits nothing remarkabie or uncommoit j but by 
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nWrvatioTi'ijtwo very extraordinary 
prQp:ei;li^i|^ been discovered in ifj^^Otie iS| the bpan* 
tanboufl^no^hii with which these filaments are endowed. 
If a single one suificiently moistened^ |jc placed on the ob- 
ject-plato of the microscope, its exti cmitiesare seen to rise 
anti fall altetuately, and to muve sometimes to the right 
and sometimes to the ieft: at the same time, tt twists itsc/f 
in various directions, and without receiving any external 
ixDprcBsion. Soimitimes, instead of a[>pearinfr extended 
like a straight ime, it forms itself inio an oval or irregular 
curve. If two of tliem are pbecd side by side, they be¬ 
come twisted and twined together, ami by a sort of im¬ 
perceptible motion, the one iVom one side, and the other 
from the other* This molmn has been estimated by 
Adanson to be about the 400tli part of a line, per mituKo, 
The otlier property of thifi plant is, that it dns and ic- 
vives, as we may f-ay, Btveral times; for if several fila^ 
ment.v, or a niuss of treniclla, be dried, it entirely losri' the 
faculty above mentioned. It will remain several months 
in that state of death or sleep ; but w hen immersed rn the 
necefisary tnoislnre, it revives, recoveis its pow er of mo¬ 
tion, and multijdies as usuah 

The abbe foiitaiM, a celebrated ofv'^erv'er of Parma, doea 
not besitat<"j, io coiiso^jnt^nce of these ficts, to class the 
triinclla among the nnmhci of Use i^oophytcs; and to 
consider ii as the link wiiicii Conner is tlic vegetable with 

V I 

the aium;il kingdom, or the animal wli " Uic vegetable; in 
a word ns mi amnial or a vegetable *Mdowed with the 
junguiar property of being able :u die and to revue ai- 
terimtdyp But is this a real death, or only u kind of sleep, 

4 ifuspeiisfon of all the fiiculue^i in wdiich the life of the 
plant coiiMsts f To answer this quosilrai it would be necev 
jar 3 ^ 1 £to know exactly w'hat is the uaturc of death ; a great 
dea(1rb?^ht be said on this £ubjcct, were not xnch di^quUi- 
tionsforeign to the present work. ' 
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Of the CtTmlation of the Blooi, - 

Those vrUo aro desirous to observe the circulation of the 
blood by means of the microscope, may easily obtain.that 
!iausfa<!tiaiu The objects employed chtoflv for this pur- 
pese, are the dcIiLMte, transparent member which uuitea 
the toes of the and the tail of the tadpole. If this 

membrane be extended, and fixed on a piece of ^lass il* 
hiUiinated beloxv, you will observe xvith great satisfaction 
the cnotiou of the blood iu the x'essck with which It is in^'i 
terspersed : you xvill imagine that yon sec an archipelago 
of islands with a rapid current flowinj^ between them* 

Take a tadpole, and having wrapped up its body in a 
piece of thin, moist cloth, place its tail on the object-plato 
of the nncroscopc, and enlighten it below: you will then 
sec very distinctly tlie circulation of llte blood j which in 
certain vessels proa^Lds by a kind of undulations, and in 
others with a uniform motion. The former arc the 
arteries, in winch the blootl moves iti consequence of the 
alternate piilsatiun of the heart; the latter arc the veins. 

The circulation of the blood may be seen also in 
the logs and uds of shrimps, by ]>utuiig tlicse fwb into 
xvatcr with a little salt, but tiicir bjood is nut red. The 
wings of the locust arc also proper for tins purpo:}C; in 
thche the obverver wjll see, not without satishictmn, the 
green globule? of their blood carried away b^^ the ^eros1ty 
in ivbicli they tloat. The transparent legs of sniall spiders, 
and those of small bug:j, will aJ^o afford the Ltieans of ob- 
jsorving the circulation ol their blood* The latter exhibit 
an extraor<linary vibration of the vessels, wJiioii Mr* Baker 
says he never saiv any ubere else. 

But the must curious of all the spectuelc3 of this^ltind, 
is that exhibited by the mesentery of 4 living ftog, Itpplied 
in particular to the solar microscope, which Mr. Baker 
tells us he did in company with Dr. Alexander Stiiard, 



POfifiS AKD SCALES* 


2m 

to the queen,. It is imj^ossiijle to express, says 
hcj the tr^^erful scene which presented itself to our cyes^ 
Wc saw at the same moment the hloodj which flowed in a 
prodigious number of vessels, inoTing in some to one side, 
and in others to the opposite side. Several of thetic ves¬ 
sels were magnified to the size of an lEich diameter; and 
the globules of blood seemed aliiiobt as large as grains of 
while in some of the vessels, whicli were much 
smtailer, they could pass only one by one, and were obliged 
to change their figure into that of an oblong spheroid. 

§ VL 

Coin position of the l^ood. 

With the end of a quill, or a very soft hrush, take iip a 
small drop of blood just draw*r> from a vein, and spread it 
as thin as possible over a bit of talc; if then apply to 
your microscope one of the strongest [nagndicrs, yuti will 
distinctly see its globulus. 

By these means it has been ibund, that the red globules 
of the human blood are each composed of six smaller glo¬ 
bules, united together \ and that when disunited by any 
cause whatever, they are no longer ol a red colour. Those 
red glabules are so exceedingly minntc, that their diameter 
is only the IbOlIt part of a line, so that a sphere of a Iiu« 
in diameter would contain 4096Q00 of them. 

^ VIL 

Of the i:ikin ; its Pores, asd S'calcs, 

If you cut i^inall bit of the epidermic by means of a 
very sharp razor, ^nd place it on the olij^'Ct-plute of the 
nucrO'iCo|)c; yoa will see it covered with a ipnhitude of 
small scales, so exceedingly mtiititv, that, uccording to 
LdV^cnhoeki a grain of 'taud would cover two hundred of 
thent; that b to say, in the diameter of a grain of sand 
there are 14 or 15. These socles are arranged like those 
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on tim bagk of or like the tiles of a 

each covering the other* ■ ' \ 

If you are desirous of viewing their form with' irwre con¬ 
venience, scrape the epidermts with a penknife, and put 
the dust ebtaiued by tbetc ineiiiis into a drop 6f water; 
you will then ob'^erve that these scales, in general, have 
five planes, and that each coadi^U of hcveral strata. 

JJelow thcfiC scalc-^afe the pores of the epidermw, which 
wlieifthc fornier are rcinovcd may be distroctly perceived, 
like small holes jnerced with an c.^ccedinglv fineoeedici 
LcMcntmck counted 120 iti iliu Icra^tb of a litic; thut a 

rs ’ 

hi mstpiare, LOoi'^^hich Euniian inch, would contain 14400^ 
conse<]neLuly a squ.ue lout Ejoiitaui 1440OOOQO, and 

(Ls the MiL'tacc of the human body may be estimated at 14 
square hu,'t, U muit rontaui 2()H> millions. 

L<ich of tlmse pores eorvespomis in the skin to an ex¬ 
cretory Lube, rbc edjro of winch is lined with the epidermis. 
When lIu! epidermis lijs been delached fiom the skiti, 
these internal pvolongaimns of the epidermis may be ob¬ 
served 111 tjic same m<inuL-i' as we see in the reverse of a 
piece of paper, pierced widi a blunt needle, tlie rough edge 
forened by the biirtacr, ^vliieli has been torn and turned 
in w aids. 

7'he liorcs of the skill aie more particularly remarkable 
in the hands and the K-et.‘ If \au wash your iianih well 
with soap, and look at it^c patui w ith a eomiiiou magnifier, 
you will sec a mnltjLiuh^^h iurrow's, hetw'ccti wliieli the 
pores are situated* Id tlie lunly be m a state of iHUjipira'- 
tton at the time, y(ni will scs issuing from tlic«c pores a 
small dro]) ol liquor, ivhieh gives to each Um appearance 
of a fovinloin* 

^ VlfJ. 

Of iht I/air of j^HhnaU, 

L 

The hairs of ammab, scon tlirough the microseape, 4P‘' 
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lined bodies, like the other f'lirN; and, by 
the tho;ir t,Lt\turc at'd oonforumtioii, they alFord' 

mneh Eiobjobt of u^rcpalilo ob^orvahon, Fn j^eiicraJ, tJiey 
appear to be composed of loofr, ‘ilenilor, hoHo^e tiibeii, or 
of fievoial MTifill hairs covered ^vnh a enmoioo bark ; others, 
such as rhoso of the Induin doer, arc holfo^v <jtiirv through, 
TIjr bnstles ( f a cat’s ivlnskeri*, when cot IratJsver^cly, eX* 

hibit tile appoftrarice of a mcdoildrv piot, v'lhicb occupies 
the oiiddlc, bke the pUb in n tsMg of tJje chler-trce* Those 
of ih^ hedgn-hog CON lain a real marrow, which is whitish, 
and formed of radn. 

As yet however we are not perfectly certain in regard 
to the or^ani/Lition of tlic human liair* Some observers, 
seeing a white hoc in the (tuddJe, have coricltided that it 
is a i^Cisel \\hich eonvcvs the nuti'ii ive jisice to lUe extuniifv% 
Others comoht ilns oh'ervation, and inaintalu that it is 
inei^lv ail optical illusion, prorhu ed by the eoiive\ity of 
the hair, ft ;Lp[jears however that some vessel must be 
extended Ipngtiiwise in the hair, if it be true that blood Ims 
been seen to issue at the e\tremitv of the hiur cut from 
persons attacked « ith that disease' ea’ded tin: PltUt Poionu'n, 
Jbit qnvro^ is this ol>ser^iitiou ccrtnijiii ■■ 

^ JX. 

ifi ffj Me Jh/i j flfviosf //tsnts. 

The sruLiter ]Mrt of insects have I'-a mn\eab[t^ eve^, 
wdiU'h they can eo\cr with eye-luls at p:[Msiire, like other 
atiiniaiii, Thetic orjjanrJ, in the furmer, <10 ahsolutciv im- 
niovoable ; and as they are tleprued of that useiid eover* 
JUg assigned toothers for defending them, nature has sup¬ 
plied this deficiency by fottumg them ol .1 kind,of corne¬ 
ous sub'-^auLe, jjtopcr fur resisinig Liki ks to wbieh 
they^piigln heCApOM^d. 

But ic is not i[i this that the gieut Mfiguhiuty of thcev^cs 
of insects consists, We di-^eoier bv r'le iiucrose;>pc tiiat 
these tji-es are theliiijidv ewr vitled lura a prodigimi'i iiinhi- 
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tu<le of others much MiiuHcr. If lrti;e a ciwa^ fly, 
for exiioiplc, ami exauuno its evos by llte nacrok^ppe, we 
shall find that it lias on each side of its head a larg^ excre^ 
sconce, like a flattened lieimbplicri-, "[’his may lx* perceived 
vrithont a microiAsope; but hv means of this insirument 
these lieoiispheric excrescences wd) he sceri divided into a 
great nuinbcr rliomboidsj having in the itnddle a Icii- 
ticolar convexity, which perfoniis tlic part ot the crystal¬ 
line humour Hndicrna counted more tlian 3000 of these 
rhomboids on one of tlie eyeh of a common fly; M. l\igrt 
reckoned 8000 on each cve of another kind of flv, so that 
there are hcnya of these insects which have 16000 eyes; 
and there arc some wlucli cveu fiavc a much greater num¬ 
ber, for Lesvciibock Counted 14000 on eacli *!ye of another 
iiijiect. 

ThciiO eyes however are nol all disposed in the same 
manlier: the dragon-fly, for example, besides tbe two 
henuaphevicid excrescences on the sides, has helween 
these two other cniincuccs, the n[iptT and convex surface 
of which is furnished with a multitude of c’l e:^, directed to¬ 
wards the heaveiif:. "Ihie same niscct has tlirco also in 
front, in the form of an obtuse and rounded cone. The 
case is the same with tlie flv, but it'H e\es are les^ elevated, 

ll is an agreeable spectacle, Lert'cnhoek, to consider 
this multitude of eyes in insicis; for ii ihe observer is 
placed in a certiUn manner, the neighbouring objects ap¬ 
pear painted oti thfse splicvieaj enuticncos of a diumcicr 
exceeduiglv small, and by ii - ans of tlic microscope they 
are seen multiphod, almost as nnmy times as there arc eyes, 
and in such a distinct manner as never can be attained to 
by arL 

A grpit many moTc observations might bo made in 
gard to tbe organs of insects, and their w'onderfnl variety 
and conformation, but thesr^ w'c shall resem for aiiOtlret' 
place. 
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0/ the MU0 in Cheese j and other Inserts of the saim kind. 

If you pidce on tiie objpct-plate of tli& mvcroscope some 
of tliedu5»t which'is f'omed on the rind und other neiffh* 
bouirin^ p^rts of old ohoese, it wiil be i.ern to with 

a molutudn of iimnll transparent animals, of an oval 
terminating in a jioint, ai.J iJi tlje fnrni of a snoot. These 
insects are hirnishrd eight sealy^ artindated legs, by 
means of vdijehthoy movu theiuhclve.s heavily along^ roil¬ 
ing From one side to the ntlier; tlietr head is teniiinated 
by an obtuse bodv m the form of a trtiia ated cone, wlicre 
the organ through uliich they feed U appsU'cntfy situated^ 
Tiieir boditis, particularly the laU^rul parts, arc covered 
with several long siiarp-pointed hairs, and the anus bor¬ 
dered \^uli hairj -i'cri m the lower part of the bdJy* 

There are mites of another kind whicli have onlv six 
legs and which coiist'fjiuuitly are of a dilFei ent spenes. 

Others arc of a vagaboml Jiatnre, as the observer calls 
them, and are found m all [daces where there are matters 
proper for their Monrihlmu^ut. 

This animal Js extremely vivauirms . Kjr Leuenhork says 
that Mjjtie of them, w'jich he lud to a pin before 

Ills nneicscojic, liveil hi that manner eleven weeks. 

§ xr. 

Of the Ltmse and Fltit. 

Both thc<e animals arc exceedingly disjigreeablc, par¬ 
ticularly the latter, and do not seem proper for being the 
^subject ot microscopic observation ; but to the philosopher 
no objec? in nature is disagreeable, because d^f^^rnuty is 
merely reJaUve, and the must ludeoii^ animat often ex¬ 
hibits bingoianues, which i^ervc to make us better ac- 
quawed with the infimte variety of the works of the 
(jrt*iitor* 

If yoti make a louse fast for a couple of days, and then 
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place it on yonr hand, voii ivilTscw it soon attach 
it| anil iM trunk into the ikin* thhs 

state by nicaus of a nnerost ojie, yon will sc^j tllfongh In 
skill, your blood tl owing under the form of a Muall iitream^ 
into ih ventricle, or tlie vessel that sujjplio'j iu place, and 
theneo disiriljutini^ itself to the other parts, whicli will be- 
conie distended hy it. 

Thb aniinai is one of the most hideous in nature; its 
bead is trianjToWjaiid tr inn nates in a sharp pniut, to ivhich 
U united its proboscis or sucker. On each side of die head, 
and at a smah distance Iroin its anterior point, are placed 
two large antenna;, covered n ith fiair; and behind tliesr, 
loM ards tlie t^vo oihci cbluse an tries of the ti'LUiirle, arc tlic 
animars tivo eyes, 7'he head i^ uniied hy a sfiort neck to 

tlic corsietj which hiis sis letrs itiruishcd wdtfi hair al the 

^ r ■ 

articulations, and with two hooks each ut tlie estrennt}''. 
The knver part of the belly is almost iranspaLcnt, and nii 
the sides has a kind of tiibeicics, ttw last of which arc fur¬ 
nished With two hooks. IJi, Hook, in his Ji/icrigrapftiaf 
ims given the figure of one of thc-c amniajs, about half a 
foot in IciigtL Those whe^ >ee the rejn'issciitatnm of this 
insect w dl not be Mirjuised iU the itclnug on the skin, wdneh 
It Occasions to pci sons, who in njnufjuenee of dirliiicssarc 
infested with it. 

The flea has a great resendjlaiRc in the shrimp, as it^ 
back 15 aicbcd in tlie same man nor as tlio back of that 
anmtah It is covered as it w’cro with a coal of mad, con¬ 
sisting of largo scales hiid o^er each oilier; the hind part 
is rouudj and very iaroo iii ft gard to the rest of the body ; 
its head is covered by a iiiiglc scale, and at the extremity 
has a kind^of tlirue terebrm, fav means of which the insect 
sucks tbs hloofi ot aniniais* bi\ with thighs excoed- 
ingly thick, and ef which the tirbt pair arc remark ably Joug, 
enable it to perform all its movements. The stec 
the thighs is destined, iiu doubt, to contain the powerful 
muscles which arc nccc4>^afy to cany the insect to a tietght 
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or c<jual to several huuLlred times its Icugtli* 

Being to make such lar^e leaps, it was also ne¬ 

cessary tltat it should be fitrongly seeitred agamst fails to 
ivhu'li It might be exposed, and namro has made amjdu 
provision against ^eidents of this kind, by supplying tt 
\^ith scaly anuonr* Figures of the ilea and louso, highly 
magnified, will bo found m the woiks of lluokand doblct* 

§m 

Moiddinsiif. 

Nothing can bo Jiinte turums tiun the appcafaiicc ex¬ 
hibited by mould LUCS';, when viewed through the micro- 
M'ope* When m-oii by the nakod eve, fjiu; is almost in¬ 
duced to cOusitk r il as an irrc^rul.ir tLsMie of i’damentis: hut 

Cf ^ 

the niierQsco[)iL muiws ihat U is norli>Tig idsi^ than a small 
forest of plants, whji Ji dt^rm^ thru nourishment from the 
moist subsUince, H'lidnig to’aa.ids dceorujiositton, which 
serves them as a haso* Tlit' stems of tho'^e jdauts may be 
[dftiniy distiiigmsjiod ; and suiurljme-? tlieir butls, some 
slmt and oMicrs o[H'iu Haiou do MuTichauseo has even 
done mote: [>en eartjfidlv thrsr small jjhiniif, 

Jie obM'tved that they had a ^’/rai siindjulyto mndiroonis. 
7'hey are nothing, tJicndore, but inici eicopie innslirooriis, 
the lops of uiiieh, \\ lam they eoinc to riiaturitv, emit an 
c\-’^ i'diiigly fine kiud of diist, which is tlicir ^crd. h is 
ivell kiu>vin^!i,j [unsiPi'oruns .spring up :■■ the cour'^e <d one 
Jiigbt ■ !j‘it tniiSv' ij[ hieli we here being more 

rnijiid, almost m the uivee^C ratio td tlieii si/ie, ^r^^\r up nt 
a lew liours. Hence the extraoidinary prti^iess ulueh 
mould]ness makes in a vci v short time. 

Another very cui ton» observation of f he same kijad, made 
bv jVK “AhlehdJ i>J Giessen, k as itdjous: Ha’iine seen 
lOme iitonoi eoveri'd with a sort of dUst, he lead the eu- 
iLOsiiy to examine it with a microscope, and feiiod tu hn 
great oiitQULsLuvnt, that h constated of small m)eiosc<ipie 
j nun brooms, raided on very short pedicles, ihe head* ot 

VOL. 11. .V 



FAQIXA OF 


m 

wbicli^ round mthc middle, were turned up at th^lN^^Si: 
they were strifited uli>o fTom the centre to <^i|infer- 
ence, ccrtidii kinds of nmshrooins are, Ifc remarked 
likewise, that ihey contauicd, above tbeir «[>jirr eim:ring, 
a multi tilde of small gmiiiSj shajK'd like ciieirics, some- 
w'hat Jiairened; uhioli in all pmbahiliiy were the seeds 
In the last place, be observed, in this forest of uiuslirooms, 
several sindll red ini^ects, which no doubt fed upon them. 
See ^cL Letp^s. for Ui« year 

§ XJlh 

u 

of ihii Lj/copcTdon. 

Tl le lycopordoi), or puff-ball, is a plant of the fungus 
kind, winch "rows in the form of a luberele, cuveied with 
small j^rain'i like slia^pcen. If presvsed willi the foot, it 
bursts, am! emits uu exceedingly line kind of dust, which 
flics oir under llic appraraiicii of smoke; but commonly a 
pretty large qiianiitv remans m tlic half ojicncd cavity of 
the plant. If sonic of ibis dust be placed on the object- 
plate of the niicn^scope, jt appears to cimsist of peifectly 
romul globidet=, of an orange cobmv, the diameter of ivhich 
is only aliout the .'JOth part of a hair, that each grain 
of tins ilu'it IS hut Hie ] 2 . 1001 ’)th part ot a globule etpud in 
diameter to Hie bread I h of a hair* Nome lyco[ierdons 
contain browner ^idienth"-, atUctied lu a sniail pedicle. 
This dust no doubt isllic seed ot llu^p anoinalous pliint, 

§ KJY. 

Of tlid ya^^iJia of 

It is not long since the utility of this farina In the vegeta* 
hie ccou^imy was knovvm Before this discovery, it was 
thought to hi: nuthuig else thaii the cxeriiincTit of the 
juiccrt of th" flower; hut it is shown by t/»c microscope 
that fins dust is regularly uniformly orga*ii:ied in each 
kind of [ikint, lu ihc mallow, for example, each grivin is 
an opake UaU, entirely covered i\ith points. The farina 
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of tke and of most of tlie lily krtid cf flov\ers, hus a 

resemblance to the acods of cucumbers and That 

of the pdppy resembles n gru-iu oi baih'Vj \Mth ;i longi¬ 
tudinal groove 11] it. 

Htit M'c are tauglit by obvervaiioii still more; for it fs 
found that tins dust or fanna \s only a capsule, wliiclr con- 
tattjs another far more minute j atid it is the latter ivhicEi 
is the* real fecundadng duiit of piaius. 


the /Ippa rent holes m the Liuims of soyyie Plants^ 

Then; arc cerlaiii plants tJie leaves of ^vliieh appear to 
he pierced with a luiiltitude <>l sniad hole-i. Of tfiis kind, 
in paUJcular, is that call^'d by borailists hpinTiminy and 
bv the vulgar St. dohriN woU. Hot if a Eraeiiicnt of oiiu 
of’rhesc lentves bo ta atd tbrrnjgli a micros^ ope, tlio sup- 
fiDsed holes arc foutid to be Visirlti, c<iEit;uticd in Ihc 
tllickucsii of tlse kaij and covv sc I uirh aii cvt'cediiigly thin 
lueiiibrane i m factj they arc tlic iect‘]>l:ai lesr which contain 
tlie essciiliid and uroiurttic id I pi cuhai to that pUrit. 


§ -WL 

Of (he of Piusi.^^ 

Tiio spectiK’Ui esjiilnLCEl by those plants which 
duVrtj, iswAi it'. 1.0!age, nettles, ike, is e ’ eedujgly cuiiiiu-- 
Wheii \ u wj'd thifUi^ii tfn- micros CO pc j y appeal to hti 

so covered unJi ^i^skeij m tci cNCile lit rot, Tho e 
borage ari‘ ftu die most part bent st> as to fotni [ui * Ibotv; 
and, ihoLigli ically very close, they appear by I la: iiucm- 
i^copt: to be at li considerable distant'' from cajpli otlier, 
Peivaiis whn ura not previously told w JaiL substaiKc they 
are looking a' , ivill almost be nicluced to belief I hat they 
see tlie ^kin ot a porcupine. 


X 
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nos 

^ XVIL 

Of the i^piirh- struc/c from a piece of Steel by of a 

FlhtL 

If .sparLs struck from a piccu of fitocl by a fiiut be luarle 
to fall oil II leaf of paper, they \\ill be found^ for the nlo^t 
part, to be globules, Jornicd ol Muall particles steel, 
deUrbeil hy ilii; hhuck, and fnsetl by the fnction Dr, 
Mook obscr\"cd some winch were perfectly smooth, atid 
ri'Hcctcd with vivjcitv the image ot ancjgfibounng window. 
WInm m rlvia state, they are susceptible ol being attracted 
by the magnet; btit very often tbej'' -ne mlneed by the 
to a kind of scoria, and in that case the magnet ha^ 
no power ovei iheiiK The cause of tln^ wc shall ex[ijajii 
liereaflcr, Thii, fuMon wib tM ite no surprjvc when il 
known lliat titc ho'he^ most dilheuli to be liipielied need 
only, for that purjiose, to lie reduced to vary mninte 
partielc.s, 

♦ XVIH. 

Of the ^i,y}enttcs of eoyfittn bttdii'Sf ’U'hfi h appear to he ex- 
Cxonuip^hj Sh\i^p inoi hiphltf Poh^hofL 

If a needle 3 app.uently vva si(,ii;p, be viv^ved tbrotigh 
the mitToscopc, it ^\lli seem tn luiec! a ver\ bhuit, irregniav 
jajuit, mneh resembhog tliat o* a p['g hrnUen at the end* 

Tiic cuMi i?> rbe snne with the edge of the Ue^i set razor, 
^Vhcii viewed tlirougli lli*’ miLriiscnpe, it will aptjiMr like 
the hack of a penknife, and at ceilctiii distances c^lllh^L in- 
dentations Uk^ llu* leeib eS a ^a\v, hut mnniJai, 

If a pu'ce of tlu' higheiH, j^olishtal id .ss be expO'od to 
tin; rnioiost opi^, }o.i wdl be nuith u-itonisbed at il’ ajip^ar- 
ancc. It w;II seen bin'owed, unti filled with asperities, 
which rcjJeL t the light in au incguku maniRV, making it 
asi^iniK; iliiluicnt cnlmirs. The case is tb*' same wilh the 
hc&t pohsiad si eel. 

Art, ill this icspcct, IS far ijifcnor to nature^ for if 
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works wliich have heen nia(3e iiiiJ poli’^Jietl, as wu may s.iy, 
by the latter, are evpoied to tiie micros<*(jpc, oi' 

losing du^r polish, thw .i|ipe*itr wldi gmitor hi^iic, Whcir 
the eyet o[ a tly, if lilumiciateJ by uieaiis of a lamp or 
taper, are vsr\reJ throur^lj tins luslnimcot, oaeh fit ihcm 
cvhibii San lEjiiit^o oi till' laper with a j>ret'KtO[* and Msaeiiy 
which iiothiujt t^an e(]uah 

§ XIX 

Of S\nid yirn fke .^/k'wctfjH. 

* 

it is Vi ll kdfuin thfj[ Mun o an- vonic IiIIhK of satid 
f'alearoyij'*, and odiof'^ ut i iliLLf>]i‘. d'lie lormcT, 
dii'{iii^]i ihi: Sii’i HK( ci[It ''fiijhji; tti a tpt at nitMi^nri' lar^e 
inrj^ulai li-k;,ncii!-. ct[ jotk. The jno'.t oulioii^ sinriaole 
esf lohirrfl Us 1'le \ ilri'ou^ ki-nl. v, hoiMl t iHjs’sIs 
fd ndlod s an], n .upi hke ^(i nuiA rongli diaiuonds, 
and S' JO' iiiin ^ fjkf jr !i ,li( n oriiOur kini! of saud, \s Urn 
M'cli tillt'Hi.';li [I ^ 1)1(1 tt ’.i; » ^^pp^ ai"' [i> Is ait a-‘^riii Ida^c 

ol tlMiEiunl^, iTilat. airi t jOi lalih; anoHiur iho 

I'nihivrsrd shrlh i erdop^ij» ''Sn.d' 

\N 

fh* (j/ Ci * 

Oi.Ifojd^ ii.ii' liu rdiiMrJis I ) < AiUinja.* (ipin n inptio- 

M ' ' 11 I' I'i I'LiO 'i|ti,\0iu]' hi lOIIILi! !m lit" UtEiSt 

1,1 |1 ' ,.J )L* h-' ■ O' Ills rl^KlMjPitb aili' lil|(jU^tl Itv, 

i 'I- I li ■ '^1 U '■ 1 h ii a i:(iLiti T i h li ' i I ■ i' f,o t IilJ 11 tjal 

ih,o ulhi i ' II. ij dori iirii inhudiit' M-'Od, \ E[[^ oji,. 

nCi s 11 * f Ji i hr r't n j 'JI f ol .n o't!:, 4 'ntiiU'"I ' V] oi i iiL'^u 
i(-'i' ninth n 1 liili 'll thL(l hi ,1 j irts ((I fiiaKO.dj 

,111 men .s aMai'S' v. llaiOtiie . 


Op thi'’ '■ilJ'i'ct V. r 
phtnTil 

■ la:! hrn 
contain unou ^lajiine 


liavr h('('n fpid' -it h eahiv to oui 
!i4f\ liMct, biiij ’dppts ihi-. dt'- 
■ pnim mit t ill-priiu‘i[>ai tvtn k'l tv [a< ii 
ob'^e^ vauojJSj and tlip aiuiiui'i Tvho 
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Jiilve partKMiliii'ly a|i|j]i('J to this Kind of study* Tbc first 
'^vc fshah tiiuiition is Fatlicr llonnuiii, a Jesuit, author of a 
book c nil lied Bkreazmie e Mia vie7it€j part of 

which is entirely devoted to tins subjeet- The celebrated 
Lewenhock spent almost the whole of his liTc in the same 
occajufion, and published the observations he made in his 
j^riana iV/r/inve, A gioat inanv oliscrvations of tliis kind 
may be found scattcicd here and tliere tlji'OMghoiit all the 
pTournalsand Memoirs of leanud Societies, liul few hare 
luiule so rosearcherf on tins sidiject as i\Tr Johlol, 

antlior of a tpiarlo volume, euiitled fhsvrfpfwti et 

dc p(uswats nertrcffJLr uvee dc voaidtux 

ohscrciilmfs suv ua m^Utdudt^ lamadimhk d'u^^rcit^^^ ^s^* 
qtu. rMisSiiti da^is ka laiiwursj ike : ihuis n]^>, l!e iitinned 
III water a ^^itai unmberot ditfen’Ut bubsLiuces, and d 
the small aniuiLiU pro<hice<l in (he,sO lufuMinj'i lo lie c'li 
gravetl : to ihe ;,treater part of tliimi he !l^is rvnu 
names, denvett lioui tin ir ri's(*tuljltiri< e koon n br'dies^ 
cr from other eircniiKt.uiee^. H it \\i' um^t ihc 

realtor to the woik tladl^ wlucli lepublfslicd ii\ 17'!', 
roiisiderabK eulatueilj onder ttu^n tide: d' //fy- 

fonr \ ax'iC Mkit^vropr suy aa 

vjimbrcfi' fnsuh^^ i f ^urh'\ jtanUiiUufrs ijut vt' inmit ni dans 
f'< ihjUitns pri.pjtiVi^ i'f non picpcnViSy , HUj with a 
gust iJiinii:ei fd [dLttes, NrisdliaiOj in tlu' visu’ 17‘>0, 
pu (du’i! Ill-- w^^rL^eas!e^l Neu Mieio-i npifMl iib -ervHilum 
nTs nh n'l wK ] lIMs n’t ^M'ruiuh iuoleciifa' tiia; he sn ii 
in lir^ ivmk '>,i N.dinal 1! jom- Wv h^n^ nd-^o llal.er'. 


ivorl'ei.! l 1 !'[’ lUc: Mu rest .pe iiudi^ ea , aiul IKuplox ^ 
luent hn 'drteti-ie. 17u^ ht a pail fonudivv u de^ 
jicripUon^ [ t[ i u * ihi ntethod mI usuio dillei- 

eiU Kill'll ‘ ioiH , 1 f epe llo.I the vee mcl a lerv lo’ii; 
ticLad of iii.t opicat rh-ervj! on vait^ius na- 

tuia! oldeel^ rh:^ i,h ua^ iilleiuleJ ^vilh LjI. si.e^ C'jS, 
and Is c'cist’dini^ cis^MUdKe* I'lie aldp' Sp.ili.infant 
caused [u^ iiji(,i o .( epical observations, in uliich he sort ral 
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times contradicts Needham, ic be printed m Italian ; a 
Kmich tmiivlcition, ontitled iStOtLV£U(\\ i>f^Si'i%aho}is A/u ro- 
scp/?ii/ucSf was published in oet^iro at Paris, ni witir 

notca by llie above pliilosopfu r. If to these be added 
various JVlcmcjir'^, bv Foiitaiuij Kolbvdij S[JiilUji/arnj 
publisJicd m the dr J^/n/siqiit:. v t; shall have onu- 

meratetl all the wjitunrs, oi at hsa-'t the jni>iei]j,iJ one^’, 
wlueli have Intherto aj^peareJ on ihis titibjeci. 
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MATHEMATICAL 


AMD 

PHILOSOPHICAL 


RECREATIONS. 


PART FIFTH. 

Containing ivtiy thing most cunms in regard to Acmstm 

and Music, 

The ancients seem to havt conj^idered sounds under no 
otlier point of view than tlnit of ; that is to say, as 
aflfeetinp; the car in an agreeable inariner. It is even very 
doubtful whether they were acquainted with any thing 
more than uteiody, and ivlietlicr they bait any art similar 
to that vhich we cal! composition* The moderns, how* 
ever, by studyuig tlic philosophy of sounds, have made 
many diseovcncsf in thi;> department, so much tiegleeted 
by the ancients; and hence has arisen a new science, 
distiuf2:1li^bcd by tlie name of acoustics^ Acoustics have 
for their object the nature of sounds, considered in gene¬ 
ral, both in a mathematical and a pliiiosophrcal view* This 
science therefore compTehends music, wbicl) considers the 
ratios of smtmh, so far as they agreeabte to the ear, 
cither by their succession, which constitutes raclcKly, or 
by their simultaneity, which foruifl harmony. We shall 
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NATURE OF SOUKDf 


licre ^ivv. an account of every thing most curious and in 
terciitnii^ in regard to this science, 

AHTICJ-K I. 

Jhfmtion of mwdj /iozii diffused toid frans^tiiifed io cur 
iff heunn^ ; c tperimads *m this yuhjixf ^ fii/frii')U 

U'Uij\ iff prmlu\ SiHOUI. 

Sound IS 1901 lung eSo hut the vibmlJoii of the [Utiielcs 
of the air, occasuuiciJ either I13" hOine ■sudden afJiLiitiou oia 
ccLiaiiL iuuhs (>r tlie aiuui^[)l]i:rc >JoK'iitly c;oi]j]>re^st'(l or 
expandt'd j (^r hv tlio couimiinioalion of l!ic vibration of 
the iiumui- pints of a hard and cU'^iUc l)odv. 

Tiie'iO are (he tivo liest knouii \va 3 sfii jirodncmp sound* 
'rill' r\[j[oniou of a pistol, 09 aity cjtlie: f iuil of lire antis, 
piodaet>ii re[) 0 Vt or Miuhd, tiii- -nr or elastic fiind 

coMtauK'ti III the gntijauvfiefj heiiig Muldenh ddaietl, etHi!- 
presscs |]j(" exteiMul -ur wAU i;ivat vaJeuoe: 1 fa- lalJer, in 
CoiiseipiefH e id its flashcitv, re-acts oil the siu unnahuj; 
atiuiepluae, iUitl produces nt its UEoli'Ciilir an O'eid-Llory 
niotifui, nliu h c ecasioiis the sound, uUti ’it hn ji I'Mends if) 
a eviMt^'r cr le s di‘^Uiiic^'afcordm^^ lo tlie iiiLensi|\ iA the 
CLtiise t’ave use In il- 

h 1 

I'o fnnu a ])ni|jei idisi'd thf'- piicuouictFOti, l<'t iis coji- 
ectec a s;.iyCsoi spriii^v^a]] iiuim.Oiine e-alioihe- lii c'ljin- 
]d>lliuu, and that the fust is siitldeidv eoin]iresiCf] jn 1 \ ue 
letit iip.iutu'i by siKiie sIhicIh, or niiet c-ju^Ch Mv lULifne^ 

fji] I'^’hiit to jf'i'c-^er Its Irjh'Ud H.inaiioT’, ii \'iill v ctinijK' t 

tin o!iiMie %1 to U , 1 Eie hi! 11 ill t o]ii|e'ess 1 he tfind , ap. 1 
till, sauie tlnritf ill take ph t t to tijo hi’.!, 01 at, least to *t 
very i^;C.U d‘ 4 auc*' , \ifV tin. >1 t^nid will be 'lOiiU’cJiiit less 

h 17 

eoiuptessid than tlu' n^^t, t' - thud a h'tli' h s.^ th-iu tlu' 
scenutl, aad o on * stj th-J, ai a tinijioi distance the * oni- 
pier.stou w iiM!)e ^dmost iiiMiisihli ^ ,uu! at leugi f) it to¬ 
tally cease* Hue eatdi ol these :>[irings, in l ai^ovciii ;; t1- 
fis ll, will pas, a litth brvetuHhe point (]f CipithhnuiUj and 
tiii'i Will occasion tluou^luuit the whole sc ics pet in ein' 
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liolij a Fibriii^ion, which will continue for n. Ir^n^cr or 
f'horter liuHS .uid length cea^sc. lluiirc it luippms that 
no sound i'? inMnntan^OUs, but ^ I'Onlttnirs more tn 
]cs^^J at’ctmJinj; to nrcumstances* 

Tlic otlifr incllin<i of producint; ^oiuifl, to excite, in 
au olaMjc hody^ vibratioriK sutlirieiitK ra]nd to i-ee.i'.ion, 
in llic Min^iuiidn^g jurtfi *ji the air, a similar inoiuiij« 
Tliiisj an ex tended scrnij^, wlieii sirntkj ^ ini is and 

Its I )^e I Dal ions, ilint is ty Niy its motion hack waul atni tur- 
ivanl, m:u iLsiuicHs* ^Tik elastic paits t[ie .nr, 

srriiek l>v striiijr tiiirniji the time it is vdn.niiM^, are 
thejiiseii [-S i^r.^ intii a state of \ ibtaMoii, aiul Ccmnnnnn ate 
ihii^ moiioii lo the lu'ictliUounn^ outs* Siirli is ihe int'- 
cliainsm h\ bu li ;i bell |>rnduc('sits sonnd ; v\ boost nr k, 
its vihraf r^ns are -ens'ble to the hand iin fi lout i(t‘s it, 
jS]|f>ii!d : be i i-e'i - '''Mhatbii-dj the inj; espet fotls^Is 
V rill ex I lib t ^'^e tiutii them lu rhi‘elearest }najit u[ \ r a . 


f \ iMiirnii.N r K 


l)ai( IMi 


1 

a-i. 


sin h !L tint 




.1 


L s., Ti bh vve'er 


: iv; in irb' jt I.- r, mee-Si-ii vcs r 

rse ’( lo'ii fMlie edrn{*^ {;^ ilastwai' 

Y\t"' M.eib iHitl +11 ihi ''One nnie \f \ 
trei; Ide, end ienn iinilu'aiioe^ so ^ 

cIrojK H^1E 'iOi iilt‘ V)lnu!UJO ^rl " 

V iti'i i a-< pLOihh . ii! iL sueh a inelion 


; ''as In |!e, .inii 
II, . a v.m] he 

Mill sre the u tiU 1 

1h‘ Jitioti' iij^ sijudi 

i ]>artjelt's oi the 


el I' 

ll‘a h^'il l[e I'siv'j' lixl :ij tht jeeeleei ol an aiy [niinp, so 
;is iKii Ui seh eis j,ut t'l theiiiai luni'; n v itMie toiMil, 
on tlit' ■ mJi t to surueh that > diei..:! i'ev^aniiiteJ 

and bt'ei r n i r, i be sotihEl jo'fovse' and we.d.er, 
and I tiiil it eeuses t-ianelv kvlic^n as ctnn[dele‘ a Viieiniai nit 
j>os-,dd': 1 ^' ► ► osiieted. It trit'aifbe^iiuliiahyre-snU 

jjiiitedj liieioend \ud he reMvt ih j ^^dl 
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increai^c iu proi>oriion as the air contained in the machine 
apjiroiicfu^i! towarcit* the bumg $tate as that of iho atmo- 

SjjfK'l C- 

I rnm t^i'o rxporimenti it tliat sonml coji- 

shUji'iI in tfkc ‘^onoiou'v iiotlies^ Is notlun^ else than rapid 
Tjhr*.ii(pj!s nf ilu'ii jiijnnk^ [larls; (lut an tlia voinch' of 
it; ill'll tlui 1! IS rransnniLcd niueli the lioltci x^hon tlic 
a’r b\ lii'iisiu is n-clf Mi.serplibfo of a ssnnil-ir motion. 

In I i"U.arii tn ilti^ iiianiKT tn niiiLli sound aJkvtss tlic tiliudj 
imi-1 III >1 (hsiL)M t.\ till' 'iiti'iioi vnii aiHc of the 

e.;i,\vJii^ 'i ioniuiiisik'i diiits'rent [>aits ol ihtM^i'^an fif bear¬ 
in'^ * [horo Is a inL'iiilji ant-1'> Vinidi. d like thatoi a dnuHi lUid 
\\] i[ [i on I accounr is LaJloJ ilui U is very 

pn I .dJio iluit tdo VitiiiiLiLuns of ttk’ lor, piLidiurt^d hy the 

sori(ii'on i htidv, e\rju' \ibiations m I his mointjL pUii*: llhlt 
thi s,' t'liiiiku L]ii< s 111 tin- din ^ xi'itfi ^rliioh iIie^ no 

(.a^'iv o( iih4 P‘,4.1 Is ■ ,j,nl tiur t!u scmml is no 

Cl L i'd ov till" pi L ..imr t oj s: i ik non o\ itic [IhhJ ^Ln i f(u‘ 

cj)vnin\ihn^H^ijs luaii of the scnvnnnmLn t h naU.1 nl riic 

iiLiiX- htvn;’ rhc iOO oi(a^i(p|ind in lla m'l’v > that fOiir 
ttic In lt \ ^ ii (lai on TV hid I IS 11 pinsniii t('d to 1 he U\ lui, jmd 
by Inrliliu jDiiiu lU'oivi s Hk‘ pi H oliaio ,i>Mn[l. Hero 
ho\io\ii' tie nnisL slnp^ l a n is not pO'i-plil i » ^nimi 

VinW vIk‘ junt|p>ii oi 1 liiMJon [‘s { an oih-M tlio miMij H is 

Miiik'irm ^ -J ijs to Ljieih hx iionto rh,ii di/ nc iduc; 

as Ji \iere \lio modnin jts '-i i \m i n onr s]iir^t n d [puu^ .j i] tih’' 

csteitici) pind s^ n-'ibli . - 

Siuoul alu a^ s < I'.isf . n [i i i-no \ 'hi -»(lulls i if \ tn‘ '^oiioi eH( ' 
\iCi(\) (Oii-i\ ui tipsnnio too ^ i ,ik. T iis is ]iici\t'il hImj hy 
mu III, lot Iu 'j ^ hr \nbrations ui .i s- uus buciy 411 r 
ddniijiL-ii liv uiiv s{j1i h,j stiiind sr nui ^ndphnily to 

cr.iso, []i a piano-Jliitr thin\‘lou', ih!’ ^[ijilJs pMV hum-firri 
luth hits ol tfipii bv toitrlniii^ tfn iim^s \\hi:n Hu y 

fill! doivUj they nuL\ dtimj-thru \ibiatuins, On thr ^tiirr 
Kuui, when the simomus lody by Us uatun' is ciijMbk- (il 
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tiontinuing its vibrations for a considerable tiine, is tlm 
ease with ^ large bell> the sound may be heard (or a long 
time after* 

ARTlCtE u. 

0/t l/ic vciocifif oj' sounJ^ fj;^ieritncnLi for dclentiniing it; 
JiKthod t'f iftCi^.uintfg ^fLKiutUiS h/ {L 

Lit^ht iraii^ujiiiri Irtnii <uie iiisire to inoihcr K\\i\i in- 
r'\-L:d>fe vi'ltuMv ; I his ts itot ihe uitfi s^sund ; the 
velocity t>J stumd i-. m ry irjofifjralt'j atul iii?fv bs' iiiLasurcd 
tn UiC jell‘>vuMu leaiita i* 

Let iL oainu>n he [ibived al Uii'^ {li^Taucr id several tliou- 
i,nid y.Ljdst .uid let an observer wilU a pvnilidmo tlilU \l- 
brates s<'< iiadni (Vtlier hah seM>i)iUj [^nt tlu' [jenrlnlum Ui 
miHUirt iis ‘-OOU * 1 ^ h<^ sre^ ijie (1 ►sh, a^al llirn t'onitl the 
iumii>L r oi li Hi .^loiid^ ufiLLli hetwevii 

tjjat pi lior^ a’i'fl rl, phl'ii]; v iKm? Iii' lusi*" I he i'\[ih>s|(>n* 
]( is rViiji 111 iIhiI, li t"'; eeiilielil wli ‘li the il-tsh is sveli be 
i^nli^'ahsf.d a" ili ‘■e.piirj i>', ib' splip^lO't, ijolhiii^ \\iU be 
m t Yj to ob^e'i the (Jill h. ] id Y'^'ds 'MiiLh ihv .soiirul 
hj' ]>assv‘il o^er lm a ii rri’idj bJ,^ i j ib i ihe iin£i]hv'r of 
^1k 'i, ariK In vl h fhv pr,a' t i cr[?e'> i j i .onl ilivcannoiif 

lj\ tbf jimiiiiu r ut m hau si ■ ^ 'Mvliah Jsa^chevri 

conr ti'rl 

N'j%v tJie nio jiee, nipi n die d isl. ^ j»-{LeiMil, hpdewr 
he tb ' ih .,.n ^ 1'^ c orisfHji n J a dn 11 li iunnient ot 

ihe lolJ , f n ^.> p^UiH ts tfie \el(p ^ n’ that it 

s t iUCt ly Hit id uj I'ltiV t 1 sk. tP“ a'1 iLMi aii lu^s ■. 

* Thr vt]'H .'y "S tl'- in*! i U ^ . Irt!i4i ' t\iv elip,ii'',intj l|i it 

h; iH le^ 2 I 'ilIcJi l i1 1 'i"i ^iii1 IS !t % Pli t '.I b "iEieL b/l IIPni ^ 'Lljil |i *■ 

UlSH b fl III' ■■! j. 1 .'ll -n "[ L *1L I I'j.l'I I b \ I'f-'n 1 1 V (ft i iM ntn IL-li 41]. IT 1i"i^ 

Lk en ftigi:'! *■ n ' f i:is ni^, t'l n m ii m o ' iv'^ ]■- f^v m lU Ejttwi'k'iii 
JmnTt'l bitii ,J 113 , lip^ Bit'lilf ■-.IK mn if!||-'tii S;^ tli'lpLIII''^ '(‘rini'l tfi.r. 
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A a/iiLt: CtjijiiL lu (! > tJjdiatctci tbe L.i'tl.'j uitiitj fliiis-li in 1^0 inrl- 
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By similar experjinj 

Academy of Scieiwe^lHS 
of 1 112 Parisian f^et in 1^ 
locity to be 1473 feet in i 
hame], in the Hiiitory of t) 


miHB of the Iboyal 
^^pHffvecl at the rate 
TMjfii'fffii inakfS itiye^ 
^^Mcryeiuie Du^ 

ioiy of Sciences^ 1SS8$ 


Newton 9G8; and Dcrha^n, ii) wlioste measure Flamsteed 
and Halley eoncurred, 1142.. Though it isdifEcult to de^ 
termirie among Eto many auttioritiesj the latit estimate, viz 
1142 per seecind, has been generally adopted in thU 


country. 

It is to be observed that, according to Dcrhani^s expert* 
ments, tlie temperature of the air, whether dry or moist, 
cold or hot, causes no varititioii in the velocity of sound« 
Thid philosopher hafl often ati opportniitty of secijig the 
dash and bearing the report of cannon fired at Biackheatb, 
9 or 10 miles distant, from Up minster, the place of his re¬ 
sidence; but whatever might be the state of the weather, 
be always counted the same ninnbcr of half seconds, bo 
tween the moment of seeing the dash and that of hearing 
the report, iinles^i any wind blew from cither of these 
places, in which case the number of the seconds varied 
from 111 to 1J2. It may be readily conceived, that if the 
wind impelled the lluid put into a state of vibration, to¬ 
wards the place of the observer, the vibrations would reach 
hun sooner thaii if ttie flmd bad ijecn at rest, or had been 
imposed in a contrary direction. 

But notwithstanding what Derhatn has said, we can 
hardly be persuaded tbat^ttic velocity of sound is not af¬ 
fected by tile tecnpcratuTc of the air; for when the air is 
heated, and consequently more rarefied or elastic, the vi* 
brations must be more rapid; observations on this iiubject 
ought to be carefully repeated. 

An inacccs{dble dtEitance then may be measured by means 


Jiam^of (dU^ in 1«ngUi, or niav'ef it the riLta of SOnuOO Jiiiilnptir 

Hehiie tberefure tight Idlefl about miinitca tP pa^iung fh>m the lUn 
Co tu« wtb. 
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such a manner, tha 
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e a pendulum that 
done by suapcndtftg 
n inch in diameter^ in 
exactly 9jj: inches, or 
it) and the point of euspeiN 


sion ; then ttie moment yon perepive the Hash of a cannon, 
or musket, /et tho peiiduloin, arid count how many vU 
bratlons it makes till the instant when yon hear the report: 
if you then multiply this number by 5Tl feet, you will 
have the di^^tniince of the place where the musket or cannon 
was Hred. 


We here suppose the weiither to be calm^ or that the 
wind blows only in a transversal direction j for if the wind 
blows towards the observer from the place where (he can^ 
non or gun is fired, and if it be violent, as many times 12 
feet, as there have been coutiteil half seconds, must be added 
to the distance foutid : and in the contrary case, that is, if 
the Wind blows fruin the observer, towards the quarter 
where the explosion is made, they must be subtractciL It 
is wdl known l/iut a violent tvind makes the air move at 
the rate of about 24 feet per second, which is nearly the 
4Sth part of the velocity of aound. Jf dm wind be mode-^ 
rate, a 96tb may be added or subtracted , and if it be weak, 
but sensd^le, a 192d: but tins correction, especially in the 
latter case, seems to be superHuoo!!;; for can we ever flat** 
tcr oursidres that wc have not erred a I92d part in the 
measuring of time ? 

This method may be employed to determine the distance 
of ships at sea, or iti a harbour, when they Hre guns, pro¬ 
vided the iksh can be seen, and the explosion heard. 
During ft ^torm also, the distance of a thunder-cloud may 
be determined in the same manner* But as a pendulum 
is not always to be obtained, its place may be^:supphecl by 
otejrving the beats of the pulse, for when in its usual state, 
each intervfll between the pulsatibns is almost equal io a 



This lEi a vfery singular pheiiotnenon in the propagation 
of soiindii; for if several persons speak at the same timcj 
or play on instruments, tlieir dilFcretit sounds are heard 
simultaneously, or all together, either by one person, or 
by several persons, without being confounded in passing 
through the same place in clifforeiit directions, or without 
daniping each other* Ijct us endeavour to account for 
this phenomenon. 

The cauhc no doybt to be round in the property of 
clastic bodies. For let us conceive a senes of globules 
equally clasttc, and all contiguous, and let us suppose that 
a globule is unpellcd woth any velocity whatever aguin^^t 
the first of the series: it js well hiiowu that in a very short 
time the moLiou will be transniiTted to the other eKtremity, 
so that the East ghibule w'sH have the same moticiii coni- 
nuunicated to it as if it liad been itself juimediately impel¬ 
led. Nmv if two globules with unequal velocities impel 
at the same time the two extremities of the sevies, the 
globule a, for oxaiiiple, the extremity a, tUid the globule 
i the extremity n (fig, ! ph 15), it is certain, from the 
well known propertieit of elastic bodies, that the globules 
and /j, after being a moiwetit at rest, wall be repelled, 
making an exeh.uige oL vehv ih . as if they had been im¬ 
mediately impelled againsi e.icli ol-her 

If nc suppose a second ser.cs o! globules, intersecting 
the former in a iran^i^cr^al t ired ion, the motion of this 
second serif's w ill ho transea Li., d bv incjuu of the common 
globuie, from oi-c end tn iho otjier of thi^ hcncf!, in the 

same manncjr as if it had" been alone* The easeVill he the 

* 
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s cross tJie first ofte* 
rent poiTits. The par- 


the bcghuihif; of each 
fe-'otber endj as if that aeries 


liatne if two, th 
eKber ilk the 
tjcular motion c 
series, will be transciilfi 

were alone* ^ 

This comparisoTi may serve to'sljow liow several sounds 
may be Lrsiiisniitted in all by tlie help of the 

same mediitUL; but it must be allowed that theie are some 
small (itfTe roll CCS. Forj in the first place, wi- must not con* 
ceive the iur, ;\Ii:eh is Hie veiiKle of honnd, to be composed 
of clastic globule^j disposed in such rcgnlur series as those 
here supjioscd ; each paitiele ol air is no doubt in contact 
with several others at the s.itiie time, ami its nmlmn 1 « 
tlftTcby comritimicated in ev^‘i y diieeLioik Hener it liaj^ 
peuH that tiio s^^ond, viIjilIi would leadj to a v^ry great 
distance uidroui diPhomuon, d ctioiiiuiuicutcd as 

here supposed, cxpeneoic^ a con^alcrdjlt- dceioa'^e, in 
proportion as it leeecles I'roai the hodv uhu'h pUKlnccd it* 
Though the nioienient \i\ ii si^nrul is UiUMiinttcd he 
more comp lev, lliLie is reason lobeJje^'^ ihutiL is leduccilj 
in die last iusUmce, to somLilinig siiniho in wlut has bcc'i 
here desorihed* 

TIjc second ddlbrciicc arises From the particles of air, 
whidi the organ of hearitig is irmne< I lately aifected, iiyt 
having a lllovenie|^t of transhittoii, like rhe la^'t glubnlo of 
tins scries, w inch proeciMU u itli a greater or loss x'elocity ; 
in conseipienceof tilt: shock tliai ^ui[K'K tl ■■ otfFerextrenuty 
of the ScMc-.* IhiL ilio tnnvemeiit in tite an consists merely 
of an muluidtioii id vibiatioii, niiiJijin cou'^e^ueiico ol the 
ehisticjty of its aenan puktides, l^ transmitted to the ex¬ 
tremity oi the senes, such as it was received at^hc other. 
It must be ub^'i-ved that thcsmiorous body cointnuiikcate;; 
to the air, which it touches, vibrations isodtronous witii 
chose which it c'^^pericnces itself ■» ^ud that llic same vi- 
bration^t are tiiinsmittcd from the one end to the otiicr of 
ilie ficnes, and always wUli the Stvuic velocity : for we arfc 

voc. It. 
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AnxfetE IVt 

(}f Echoes; how produced; account of the most remarhabk 


echoes y and some phe^wmtna respecting them* 

Echoes are well known ^ hut however common this phe- 
notDcnon may be, it mii&t he allowed that the manner in 
which it is produced is still invoived iii considerable ob-* 
scurity, and that the explanation given of it does not suf- 
ficiently account for all the circmnstances attending it. 

All philosophers almost have ascribed the fonnation of 
echoes to a reflection of sound, hEtnilar to that experienced 
by light, wlicn it fails on a polished bod yv But, as D'Alein*i 
bert observes, this explanation is false; for if it were not, 
a polished surface would he necessary to tlie production 
of an echo } and it is well known that this is not the case* 
Echoes indeed are frequently heard opposite to old walls, 
which arc far from being polished ; near huge maases of 
rock, and in the neighbourhood of forests, and even of 
clouds. This reflection of sound thterefore is not of the 
same nature as that of light. 

* if is evident, however, that the formation of an echo can 
be ascribed only to the repercussion of sound ; for echoes 
are never iicard but when sound is intercepted, and made 
to rebomid by one or more obstacleSi The most probable 
manner in wl)Lch this takus place is as fnllows. 

For the sake of illustration, we shall resume our com^ 
pariaon of the aerian molecule, to a series of elastic glo¬ 
bules. If a aeries of elastic globules then be infioitej it 
may readily be conceivp^d, that the vibrations communH 
cated to orfe end, will be always propagate in the same 
direction, and contmusby recede; but it the cud of tb« 
series rest against auy fixed poinf, the last globule will re¬ 
act oji the whole series, and communicate to it, in the 



tontfs^ry as it would bave 

tQmmtiiiirafpil^^gw^lBy^|||§M^tripH^ jf it liad nut rested 
agaiHst a (ixed pd|[i4:» iiidec<) to bo the ca^e 

whether the obstacle file iij^pl^e witlj the senes or oblique 
to itj provided ilie last globule be kept back by the neigh¬ 


bouring onesj only with this diih?renccj tliat the retrograde 
motion n-ijl be stronger in the latter case, according as 
the obliquity i» less. If theaerian and sonorous molccnlie 
then rest against uny poirit at one end \ and if the obstacle 
be at such a distance from the origin ot the motion^ that 


the direct and repereusiivc motion sliali not make them- 


selves sensiEde at tlie same iii'jtanrj the ^ ar will dUtingubh 
the one from r!ic otlier, and ilieie vidl be an eelm. 

lint we arc t*iug!it by e^]>elielleeJ Uut the iiar does not 
distingiii'ilt the sui ec'-Sion of two houikK, unless tliore b.j 
between them the interval of at kust one twelfth of a 
second; for during the most rapid nioxeuient of instru¬ 
mental iiujMt:, Cich iTiiMsUie of wliieli cannot be cstiiuatcd 
at less tfiun a second^, twelve notes are the uiuio^t that 
can be conipreiicndod in a mcasuiv, to render the suc¬ 
cession of the sounds distmguishable ^ couvequently the 
obstacle wliioh redacts tlic t^imiid iiui ,t be at svieh a di¬ 
stance, thill the reverberalcd sound shall not succeed the 
efirccL sound till after one twclftli of a second; and as 
sound movcA at the: rate of about lljsj leet iu a second, 
and coiiSfiqueutly about fet't iii tla: x.. i,dJtb of a second, 
it tltciicc follows ihat, \o iciuler the rj'Vvvbci*atcd sound 
distinguishable from the direct sound, tlie obstado muiil 
be at the distance at least of about feet. 

There are ^lMlglu and counioiuid echoes* In the former 
only one repciinoti of tlic sound is lieard; iu tlie kticr 
ther€ arc 4, 5j &c, repctuions. We are even cold 
of echoes that can repeat the s«ime word 40 tir 50 tuuesi 


* If a piPL^* of mnsEr, caiiiijittiii;r of fjO*mfiniwre?, wfre executed in a 
nuniitc^, tins, III our on, would l>e a rapidity of wLicti tb*r^' Iv# 
lufcancer IU th# 
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triple, or quadruple echodpSlja^''be produced different 
ways* If we suppose, for example, several walls one be* 
bind the other, the remotest being the highest *, and if each 
be so disposed as to produce an echo; as many repeiittOTHi 


of the same sound as there are obstacles will he heard* 

Another way in which thew numerous repetitions may 
be produced, is as follows t Let us suppose two obstacles, 
A and A, (hg* 2 pb 15), opposite to each other^ and tbe 
productive cause of the tjouud to be placed between them, 
in tJie point s ; the sound [iropagatcJ in the direction from 
s to A, after returniug from a to s, ^vill be driven back by 
the obstacle n, and again return to s; liaving then traversed 
the space sa, it wdl experience a new repercussion, which 
Will carry it to s after it has struck the obstacle u ; and this 
would be continued iti iutinitum if tbe sound did not always 
become weaken On tbe; other hand, since the sound is 
propagated as c^isily from s to b as from s to a, it will at 
first be sent back also from b towards having then 
passed over the space sa, it wdl te repelled from a 
towards s; then again from n towards s, after having 
traversed tbe distance sit, and so on in succession, till the 
louiid dies entirely away* 

Tile sound therefore produced in s avIII be heard after 
times, which may be expressed by 2sa; ; 2s b + 3s a ; 


4SA-h3sB; 4sn + 3 sa , 4s A-f4sft; 6sA 4sB ; 6sil 
4 sa j 6!!A ‘4" Stc; which will form a repetitiori of 
the sound after equal intervals, when sa is equal to sb, 
and even when i^u is doubh. sa ; but when sa a third, 
for example, of sb, this remarkable circumstance will take 
place, that Etfter the first repetition, there will be a kind 
of double silence; thrcj^ repetitions will then follow^ at 
equal intervals; there will then be a silence double one of 
these intervals; then three repetitions after iucerrali equal 
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itte» in the succession of 
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as being possible, though we do not know that they have 
been ever observed. 


There are some echoes that repeat several words in 
succession; but thU is not astoufshing, and inu^t always 
be the case when a persion is at .such a distance from the 
echo, that there is sufficient tijne to pronounce several 
words before tijc repetition of tiio first fias readied the 


ear* 

Tliere are some echoes whicli have been much celebrated 
on account of tlieir bingularitv, or of the number of times 
that they repoat the same w^ord. Missoii, iu liis descrip* 
tion ol' July, speaks of an echo at the villa SiinonetU, 
which repeated the same word -to limes* At Woodstock 
in Oxfordshire there is au ocfio which repeats the same 
sound 50 timei;*- 


Thc description of un etiui still more singular near 
Hoseiieath, some miles distant fripm trlasgow, may be 
found in the Plnlos^phiCtiJ Tiansactioii^ for the year 1698* 
If H person, placed at the proper distance, plays 8 or 10 
note> of III] mr wjtli a truiufictj the echo faithfully repeau 
them, l>iJt a third lower; after a short silence another 
repetition ts hcar<i in a tone still lower. and another short 
bilenee is followed by a third repetition, in a tone a third 
lower* 

^ similar plienomeuoii is perceived in certain ballsy 
where, tf a per^»on stands in a certain poiiition, and pro** 
nonticcs a few words with a iovr voici, Uicy are heard only 
by aiioth er person standing in a determinate place, Miis- 
chenbrotek sficaks ef a hall of this kind in'*the castle of 


* Thi^ bprm? lt> ft tni-^lake. the fclici^at Woort^iot-k, qccorcling to Dr, 
Pliitj ID ihf day 1im« very (distinctly syllahUf, and in tiighl 

2fai, ^hii. qfO\f. ctaaji. 1, p* 7. 



Cleveii; and most ofUvi^visked the Ob* 
ser^atory at Paris have ee^^fer phenoEnenoii 
in the hall on the first ^ 

Philosophers ascrilnng this phe« 

no rue non to the reflection of the sonorous rays; Mrhtch, 
after divt'.rgiiig from the mouth of the sjieaher, are re-» 
fleeted in such a tnanner as to unite in another point. But 
it may be reatlily conceived^ say they, that as the sound by 
this union is concentrated in that point, a person whose 
ear is placed very near will lieiir it, though it cannot be 
heard those ivlio are at a distance^ 

Wi* do not know whether thq hall in die castle of Cleves, 
of which Muscheribrocck speaks, is elliptical, and whether 
the two points where the .speaker and the person who listens 
ought to be placed are tin; two foci; but in regard to tho 
hail in the Observatory of l^aris, explanation is entirely 
void of roimdanon. For, 

l3t. The echoing hall, or as it is called the Hail of 
is not at all ellipiieal; il is an octagon, the walls of 
which at a corlain heielit are arched witli wbal are called 
in arciiitecture chhL'r m'vhes i that is lo sav, by portions 
of a cylinder whicli, in uicetirv^, tornf^rc-rinlering angles, 
that continue those fornicd by tlip sides of the octagonal 
plan. 

Sid* The person who sjicaksdocs not stand at a moderate 
distance from tlni wall, as ought tn be the ciu-e in order to 
make the voice proceed 0 0111 one ol tlie fruLM of the snp- 
posi‘d cllipds: iic applies Ins mouth to one of the re¬ 
entering auglc'', very nc.ir i'n* xTall, and the person wl^e 
ear is nearly at the SiUne distance from Uie walk on the 
side diatnetrically nppiihiio* bears the one who speaks on 
the other side, even wlicn he docs so with a very low 
voice, 

It ifi therefore evident^that, in tins case, I here is no re¬ 
flection of the voice according to llio jaw& of catoptrics; 
but the rc-eiitcring angle coniiniicd along the arch, from 



MUSiiJiaHiftos. SST 

odA side of the forms a sort of canpJ^ 

which coiitains!^m V4ihie» a^id^nuismits It to the other 
side. This i^htirely similar to that of a 

very long^ tube, to if a person applies hi« 

mouth and speaks, even rvith a low voict, ho will be heard 
hy a person at tUo other end. 

The case is the same ^ith the whispering gallery, or 
dome of St, Paul’s church, London; or even with the 
arched recesses on Westminster bridge; the sound is not 
heard by a person in tlic intermediate bpaces, but only at 
the opposite point of the dome, or of the opposite recess 
of the bridge. 

The Memoirs of the Academy of Sciences, for tlie year 
1692, speak, of a very reiiiark[d>le echo in the court of a 
gcittjeman’s scat culled le Gcnetay, in the neighbourhood 
of Eouen, It is attended with tins singular phenomenon, 
that a person w lio suvg*^ or speaks in a low tone, does not 
hear the repetition of the echo, but only his own voice; 
while tiiose who listen bear only the repetition of the 
echo, but witli snrprising variation.s; for the echo .'jeems 
soinetimos to ^Tpproadi and semeLune^ to recede, and at 
length ceases wlieti llie person whn i^pe.iks removes to 
some distance, in a ccitain dirccuom Sometimes nidy one 
voice is licard, sometimes i^eveiaf, and soinetimes one is 
heard on tlie rigfit,aud another on the left* An explana* 
tarn of alJ thcbe phenoinenaj deduced freui die seiuicircnlac 
form of the court, inay be seen in the above collection. 

ARTICLE V* 

£Afemn^niA' ?'CApcttnig l/tv vihritiiojis ^nmical s£rt?}^Sf 
xjhic/i Jon/i the basts of (he of musk. 

If a sti <ng of nietal or catgnl, such u^ is used for musical 
instruments, made fast at one of Jts extremities, be ex^ 
tended in ii hnn/oiital direction over a fixed bridge; anti 
if a weigbt be suspended from the other extremity, so as 
to stretch it; tliis btrvng, wlieti struck, will emit a sound 



produced by reciprocal which ojre seDsible to 

tJjc iught, , ^ 

If the part of the string maUe tq WCTfte be ^hartecod^ 
and reduced to one half of any person who 

a inusicat ear will perceive^ that the now sound is the 
octafte of the former, that* j‘j to say twice as sharp.-^Tf the 
vibrating part of the string be reduced to two thirds of its 
original length, the sound it emits will be the fifth of the 
grst.—'If the length be reduced to three fourths, it will 
gitx the lourLh of the it be reduced to 4, it will 

give the thirtl major; jf to the third ininor. If reduced 
to I, it will give what is called the tone major; if to 
tliG tone minor; and if to^J, the semi-tone, or that which 
in the gamut Jj; bvtwe<'ii vii .in(]Jhj or si and soL 

The same ler^nlu vull bo obtained if a string be fastened 
at both eiKls, and and J of it, be successively inter¬ 
cepted by meauH oi a movcablo bridge. 

As this subject \iill be bettor understood if the reader 
has a elear idea of the relalion of tlie sounds In the diatojiic 
progression, wo shall here insert tljc following table* 
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Xngtnious Manner in which Rameau represses the rctaiion «f the Sounds fh the Dialome Pragressit 



j«i7SicAl^9TafVi?«. 

Such i« the result of a determinate degree ef tension 
given to a string, when the lengtfi of it been made tO 

vary. Let um now suppose that the the string h 

constantly the same, but that its degree of tension is 
vaTiccl- The foUowing is what wc are taught by experi¬ 
ment on tills biibjcet. 

If a weight be biispeiulod at one end of a string of a 
determinate length, made fast by the other, and if the 
tone it emits he fixed ; wlien another weight quadruple of 
the first has been a]>}dird, tluj tone will be the octave of 
the former; if the weight be nine times as heavy, the tone 
xviil be the octave of tlie fifth; and if it be only a fourth 
part of the first, the tone will be the octave below. Nothing 
more is necessary to prove that the eflect produced, by 
succesi-ively reducing a string to A, &c, will be pro* 
dueed also by si]s)icudii!g from it in succession weights in 
the ratio of 4, ^&c, tliat is to say, the squares of the 
weights, or the degrees of tension, mutt be reciprocally 
as the squaies of the lej^gths proper for emitting the same 
tones, 

Pythagoras, we arc told, was led to this discovery by 
the following circumstiTicc. TTarmonioub f^iUiiids proceed¬ 
ing from the JiauiHu rs striking ou an unvii in a smith’s sho[> 
hapjjoning one day to reacli his ear, while walking in tlio 
street, he cntei'cJ the sliop, and fonnd, by weighing tlm 
bummers which had occasioned these sounds, that the one 
whicli gave tire octave was cvictiy the half of that which 
produced the lowest tone; ti»at the one which produced 
the fifth, was two thirds of it, c,nd that the one which pm- 
duced the third major, was four hftlis, Wlien he returned 
home, nietlltatiug on tins phnomeiion, he extended a 
string, and afirr successively shortening it to one half, 
two thirds, and ^onr fifths, perceived that it emitted aotinds 
which were the octave, the fifth, and tlie third major, of 
the tone emitted by the whole string. He tlicn suspended 
weights from it, and inund that those which gave the 



MUBieAXT^tlUNGS* 531 

octave, the fifth, and t& third major, ought to he pe- 
spectircly as \ir ri^ td uat which emitted the principal 
tone; that ia ipii||i^:invcrse ratio of tfie i^qnarrs of 

Whatever may be thc decree of credit due to tins aneo 
dote, which t!^ appreciated as it deserves hi the History of 
the Mathcimties, such were the first facts that enabfed 
mathematicians to subject; the nmhicaJ intervals to calcu-* 
lation. The sum of wfiat the moderns liavc added to them, 
is as follows: It can be demonstrated at present by the 
principles of mcebanies: 

1st* That if a.string of ii uniform diameter, extended 
by the same weiglits, be fengtbened or sborteitcd, the 
velocity of its vibrations, in vbO'*e two states, will be ni the 
inverse ratio of tlic lengths. If tins Ntnng tben 6c reduced 
to one liaif of its lungtli, its vibrations ill have a double 
velocity, that is to ^.ay, it will make tno vibiations lor one 
which It made belore; if it be reduced to tvo thirds, it 
sviil make three vibrations, for two winch it imidc behne. 
When a siring Lherefore jicrforms two vibrations, while 
anotlicr performs one, the tones rmilted by tliesc strings 
will bo octaves to e«ieli other j when one vibrates three 
times while another vibrates twice, ilic one will be the 
fifth to the mher, and so on. 

2d. The velocity of the vibrations performed by Jt 
string, of 4 di'teriiiinale lengtii, and distended by dJlferent 
weights, is as the square roots of the stretching weightsi 
quadruple weights therefore will pvoduu" doiibic velocity, 
and conaequcntlv double the number of vibrations in ihc 
gallic time; a ooncnplo weight wtli produce xibratiaus of 
triple velocity, or a triple number in tiic same lime, 

3di II two strings, diilermg both in length and in weight, 
be strLtched by different weights, tlie velocities of their 
vibrations will be as tiie squaic roots of the di&teuding 
weights, ilividcd by the leiigths and the weights of the 
strings; thus. If the siring a,‘ stretched by a weight of 6 
pound:}, weigh six grains, and be a foot in length; while 
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the string n, Mr^^tcliccj by a ^vci^ht of 10 pounds^ weighs 
five grains, unil is ImIT a foot In^cngth; the velocity of 
the vibraL^>D^! of tlio fnrm.T, ^vill be !tq of tbevibra^ 
tions of the hitter^ iis the root of 6 K 6 x 1 to that 

of 5 X 10 X tluit i':, iis the bipiiire root of 36^ which ii 
6j to tlut of '^5. or 5 1 the fu>t therefore will perform G 
vibrations while ihc second jierforms 5. 

From these di^eovenes it follows, that the acuteness or 
gravity of sounds, is njercly tim clFect of greater or 
less frof]ueiiey of the vibr^*Lions of tJio htring which pro^ 
duces them ; for since v;o Lnow hv experience,on the one 
hanifj that .l tilling when lihiu-tened, if subjected to the 
Kime degree of tension, emits a more elevated tone; and 
on the other, both bv tiieory aud experience, that its vi- 
bratJonK are uioic Ireqiicnt the shorter it js, it is evident 
that It IS only the greater iretjueiny of tlie vibrations that 
can produce the eihvt of elev ating die tune. 

It thence resnltij that a douide number of vibrji- 

ta 

lions prod urea the octave of the tone produced by tlie 
Bitvglc ruiniber; that a trqile iniiiiber proilnces the octave 
of the fifth; a qiiadra]i’e number^ the double octave; a 
quintujde the thud major, above the double octave, &c; 
and if wc descend tn ratios le^> smiplo, i tiree vibiaiiona for 
two will produce the concord of filth; four for tliree, that 
of the fourth, tec. 

The ratios of tonc^ therefore may be expressed, cither 
by the lengths of the erpully jitreteiiod strings which pro¬ 
duce thetUj nr hy the ratio of ilie number of the vibraLiuns 
performed liy these strings; lliuj, if the principal tone be 
denoted by 1 ,thc octave idiove Is cx[u e(iscd mathcmaticaHy 
byl. or by 2 ^ the fifil* by -J or J ; the thiid major by * or 
*3:, 8tc. In the ti[st cast, the respective loiigthB of the 
strings arc donated ; in the second the re^^pective numbm 
of vibrations, ih oidcnlation, the results will be the Mine, 
whichever method of dciioinination be adopted. 
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Xa dttermine of the vihrattons ^nade by d stringy 

cf a given kngih and s^ke^ and stretched by a given weight- 
oTr tn ol/tey tvordSf the number of the vi&ratwns which 
form any tom assigned^ * 


Hitherto we have cotisUlorcil only the ratios of the 
number of the vibi'iitions, port'oriiied l)y fitringsj wliicb give 
the dinerent concords \ but a tiioro curious, and fiir more 
iiiflicult problem^ is, to hud the tcaI inimbcr of the vibra^ 
lions pcrfoniietl by a sti'iog wlucli gives \i certain deter¬ 
minate tone; for it niuy be r^Mdify conceived fhjit their 
velocity will uoLadimi of tluor bring couiiLt^l, Geometry 
howevcrj witli die help of inccliaiiics, has ti>urid means to 
resolve ihii ([iiestiot^ and the nde t-:. as lollo^vs: 

Divide the streU-iimg weight bv that of the htring ; 
hinVtiply lire fjuotJent bv tlic lengtli of the |jciuhi]uin tliat 
vibrates iMiconds, wduch at London is inches, or 
iines^ and divide lIk* prod not by the length of the ^^tnug 
from the fixed point to the Inulge; cstiact the sr^uare 
root of this new qooLiciitj ami muhii>iy it by the ratio of 


the circumference of the fliele to il'o diameter, viit, SJ. 
nearly, or the fraction ni deeimjik d*MlS nearly; 
the product will be the number of the vibiiuions performed 
by the string m the couise of a bOComL 

Let a string of a foot aiul a half in ngth, far example, 
aud weighing is grains, he stiereiied by a weigfil of- 4 
pounds Troy weight, or 3^040 grains: the ipiuticiit of 
23040 divided by S is 28^0; and as the length of the 
pendulnin uhith swing^ seconds is 469*- lines, the product 
of 3830 bv this number will he Uj-iftO; if this piodiict 
be divided by 21C, the lines in a foot unJ a half, we ihall 
have 6260, the square root of winch ;\iil b« 79'1201: this 
number nmitedjcd hy j- gives 246^565^ which 

[% the nnitihei of the vihiatigns made by the abare string 


in the course of a bccoiuL 
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A TBry ingenious method, invented by M. Sauvmr, for 
finding the number of these vibrations, be iieen tnthe 
Memoirs of the Academy of Sciences for 1700, Having 
Temarked when two organ pipes, very low, and having 
tones very near to each otljer, were sounded at the same 
time, that a series of pul^alions or beatb was heard in the 
pounds ; by reflecting on t)ic cause of this phenoniEiion he 
found, thu.t these beats arose from the periodical meeting of 
tJie coincident vibrations of the two pipcs^ Ifence he con¬ 
cluded, tluit if the munher of these pulsations, winch took 
pla#fe in a second, could be ascertiiined by a stop watchy 
and if It were possible also to dctcnniiie, by the nature of 
the consonance of tlie two pipes, the ratio of the vibrU- 
tions which they made in tlie s^nne time, he should be able 
to ascertain the real iiumber of the vibrations made by 
each. 

We should here iiuppoflc, for ojcain[de, that two organ 
pl]iep arc exactly tuned, the one to ?ni flat, and the other 
to wii; as it i'l well known Hnit the interval between these 
two touch is a sciui-tonc minor, expressed by tlie r^o of 
54 to 25, the higher pipe will perform 2/> vibrations while 
the louver pciforms only 24; fl) that at each 25tli vibration 
of the former oi 24th of the hitter, there w'ill he a pnlsit- 
tion; if 6 [lulsations thdrcfoL'c arc observed in the course 
of 1 second, wc oiigfit to conclude tijut 24 vibrations of 
the one and 25 of the other arc performed lu tlie 10th part 
of a second: and cotk-etpicirdy that the ouo jjci'forms 210 
vibrations, and tlie oilier 250, m the com sc of a second. 

M* Sauvenr nude experiments according to this idea, 
and found that, an open organ-pipe, 5 feet iti length, 
makes 100 vibratiom per sneouJ ; conser[UCUtly one of 4 
feet, whirb givis the triple oelayc below, and the lowest 
sound perceptitdc to llic car, xvoidd make only 12^; on 
the other hand, a ]>ipc qf one inch less Tin being the 
shortest the sraind of which cun be distinguished, will give 
in a second 6400 vibrationSi " The iiniits tlicrefore of the 
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dowest and quickest vibrationsi appreciable .by, ^/ear, 
are according Sauveur 12t and CIOO. 

We shall not enlarge farther on these detaiisj. But pro¬ 
ceed to a very curious phenonicnoLi respecting strijjgs in a 
state of vibration«^Makc fast a string at both its ex- 
tremUks, and by means of a bridge divide it into aliquot 
partSj for exatiipk 3 on ihe one mJc^ and 1 on tlic other ; 
and put the larger part, that is to say the in a slate of 
vibration; ^if t!ic bridge absolutely intercepts all coin- 
municution from the one part to tlic others ihese of the 
string, us is ^\e[L known, uill give the tone of die FnuMli of 
the whole string; if f be intercepted, the tone will be the 
third major. 

But if the bridge only prevenU the whole of the string 
from vibrating, wilimut jntercepttirg tlie commaniC4Ltion 
of motion from tiiC one part to ihe oilier, the greater [jarL 
will then eimt only the same ^oimd av the less; a,iid the J 
of Uic stiing, ulucli in liic I'onner case gave the fourth of 
the whole .‘stiing, will give only tlie double octave, which 
is tltu tone proper to the Iburib of the stnng* The case 
is thi^samc if this fouith be struck: ils vibrations, by being 
GoniniunJcated to the oilier three ftmrtli^, wdl make tlicm 
sound, but in such a niaiiner as to give only lins double 
octave* 

The following reason, ivhich may be rendered plain by 
an expenment, is assigned for this phuionicnon : when 
the bridge abso] ntely i ntercepts al I conmui lucar mn between 
the two parts of the string, the uljole lU the largest part 
vibrates together, and if Jt be } of tlie whole string, it 
makc^i, agreeably to the general Jaw", 4 vibrauotis in the 
time that the whole htrmg ivould make 3 : it& sound tlicrc' 
fore is thje fourth of the whole string. 

But in 'ibe second tiwc, the larger par^i of the string 
divides Itscll into as many portions as the number of titties 
it contains the less, whidi in tJie present example is 3, and 
each of thc^e ])ortioiii, as well as tlie fourth, performii tU 
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particular vibrations: at the points of division, as b, c, b, 
(fig. 3 pi. 15j) there are established fixeA+points^ between 
ivhtch the portions of the string aBj bc, cDj be, each 
vibrate separately^ forming alternate bendings in a 
trary clLreetion, a> if thc.'^e part^ were alone and invariably 
fixed at their extremities,' 

Tbi!>e\plunfation is foundenl oivu fact which M, Sauvenr 
rendered sensible to the eycf; in the presence of tlie Royal 
Academy of Sciences (Ihst, dt l^jdcad, annet noo). On 
the points € and pi, 15 fig. 3, he placed :>maj] bits of 
pa[ier ; and having put the small part of tlie string ab in 
a state of vLbration, tfic vibrations being communicated 
to the rcmaioing part uk, tlie spcctatoi's saw, with astonish¬ 
ment, the small bits of paper placed ou the points c and d 
remain motiimless, while those placed on tfie other parts 
of the string wore thrown down. 

If the part an of the stririn, instead of being exactly an 
aliquot paLi of the reiiiaiiuJcr bk, be for examjde 4 of 
the whole string ae will (IimJc itself into 1 porEions, of 
which Aft u ill contain t\\ e, and each of these portions will 
vibrate separately, aiul emit otily that sound which bJfongs 
to the j ol ilie string* 

If the parts Alt and iii, be incuoimcnsnrabiei they svill 
onut a sound iih^ohireiy discordant, arul winch almost im¬ 
mediately eyascN on account of the mi possibility of bend¬ 
ings and ill variable points of rest being Ciitablished. 

ailj iria^- ^ I- 

MtiiM of addmg, su^£racf.^\gf miiUIph/irig^ and dividing 

cutuotd'^. 

It is necessary for tliose ho wisli to understand the 
theory of mudic, to know what coficerds result from two 
or iT>orc^conci>rds, either when adde<l or subtracted, &:t, 
by each other. For thh rciison we shalJ give tlm following 
rules. 



C^St'POSITlOk KOVB3. 


Sit 

' 

FKOBt.EM li , ’ . ^ 

> ^ ^ ■> r ^ 

" : - IV -odtf oree concord to another. 

■* p ; 

rc3s the two eoncordf^ by tiie ff^tions wbteh nepra* 
them^ and then multiply theso two fmetiona together 
Xbat is to sity^ hr^t th« tiuniorakors, and then the deno- 
Vnihsttors} tho nmnbet theooe produced, wdl express the 
oqitcord resulting frum tlie sum ol' tLie two concords givens 

Exam. I, Z/€t it be required to add fhejeurth and j^^th 

together. 

The expression for the iilth is li and that for the fourth 
J j the product of tijcsc tw<i — -J-, bettig the ex¬ 

pression for the ocULve. It is indeed well known tiiat the 
octave composed of a fdth 4nd a fourth. 

£ kam * 11 . What is fhv ctincord ar Ling from the addition of 
i/it third nwjor and the third mino7^ 9 

Xhe cxpresiiion for iho third rriitjor is and that of the 
third iniQor is tlu* product of which js f> ’™'hich 

cxpre^cs the fifth; and tins concord indeed is cum posed 
of a tmrd major ond a thiid minor. 

Exam, hi, fVhat h the tcmcord prodticed by the addition 

of til'd iotors 7naJor^^ 

A tone ma|or ii t^xpressed by -g., coii^^^eqiiciitlyj to add 
two tones major, ^ must be itmltipJicd hy The product 
-J 4 - a fraction Joss than or which expronsos the third 
major; hence Jt follows, tfut tlie concord expressed by ^ 
is greater than tJie third major; and coti'^cquoiitiy two 
tones majot' are more tJian a tJiird major, or form a tliiixl 
major false by cxct-ss. 

Ou the other fmnd, by adding two tones minor, which 
are ‘^ach expressed by it wiJJ be found that their sutjt 

IS greater than or 4, which denotes the third 

majojr: two tones minor thereforo, added together, make 
more than a third maior. This third tndccil is composed 

yCJi- it' ^ 





JESS 

of a tone major and a time tniitor, aa may be 'jtroviid^ 
adding together the concords ^ and Tnffj 'which inak€ 

A T* 

It might be proved, in like manner, that two semhpMUfs 
major make more than a tone major, and two aeiljtbc^ni^ 
minor less even than a tope minor \ and, in the la^t phlte, 
that a semi-tone majoranda semi-tone minor, make exactly 
a tone minor* 

PROBLEM ir* 

To subtract one concordJram amtAer^ ' 

Instead of nialt!plying together the fractions which tz* 
press the given concords, they must here be divided; or 
invert that which expresses the concord to be subtracted 
from the other, and then multiply them together as before; 
the product will give a fraction expresbing the quotient, 
or concord required* 

Exam* I* What is the a}?icm*d which results from th€jyi& 

subtractedft'om the octave 9 

The expression of the octave is l-, that of the ^fth |, 
which inverted gives 4 1 if f- be mukiplicd by we 
shalJ have whjch expresses the fourtli. 

£xam« II. IV/mI is the difference between the tone m^or 
^ and the tone minot'f 

The tone major is expressed by J., and the tone minor 
by wdiich when inverted gives j tlic product of -J by 
y IS It, which expresses the difference between the tone 
major and the tone minor; this is what is called the greaf 
comma. 


PROBLEM HI* , , 

To ^ or to it an^ of 

’ - ' at pleasure* 

Tn this case, nothing is necessary but to raise the tdiffha 
of the fraction, which eXpresiscs the given concord, to the 
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deiicted hy tb^ number of times it is to be xmlii- 
^Ue4;^tbat to^be square if it Is iq be djubled^ to the 
cube if to be tripled, and so on, 

the concord arimog from the tone major tripled ia 
as tlio expression of the tone major is || ive shall 
hayOi^ X 8 X d ^ Si2f and 9x9x9=; 729. ^ This cotj;- 
cord corresponds to the interval between and ^fa 
higher than^4 sharp of the gammut. 

PROBLEM IV. 

To divide one concord hy my number <t( pleasure^ or to 
,ia c<ma>rd whwk shall be the halff ihird^ fifr, of a given 
concord. 

To answer thiii problem, take the fraction tthich ex¬ 
presses the given concord, and extract that root of it which 
is denoted by the deUfnnitiate divisor; tljat is to say^ the 
square root if the concord is to bu divided into two^ the 
qifbe root, if it jh to be divided hUo three, &c; and tins 
root will expressr the concord required. 

Example.— As the OLtave is expressed hy j-, tf the square 
root ofit be extracted, *t h ill give nearly; but is less 
than and greater than | ; consequently the middle of 
the octave u between the fourth and the fifth, or very 
near fa sharp* 

AATICLB VII. 

Of the resonance f sonorous bodies ^ t/tc fwidamerUol 
principle of hai'rnony and melody ^ with some other har^- 
monical phem mena . 

EXPEllIMENP J* 

If you listen to the sound of a bell, t specially when very 
grave, however mdliferent your ear may be, you wifi 
distiuguisfi, iie^ldcti the pritx^ipal sqpnd^ several 
olHern more aentc ; but if you have an car aecn^toniod to 
apprecii^e the nmsical intervals," you will perceive that 
oae of tb^ sounds is the twelfth or hfth above the octave^ 
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and another the se^nteenth major, or third ih^or 
^the double o^ve« If your ear be exeoedingty delioat*, 
you will distinguis|i also its octare, its double^ andiftV^ 
its triple octai^c; the latter indeed are somewhat 'more 
dzfhciitt to he heai d, because the octaves are almost cot>- 
founded with the fundamental sound, in consequence of 
that natural sensation wliieb makes us confound the octave 
with unison, ‘ 

The same etTect will he perceived if the bow of a 
violoncello be strongly rubbed against one of its large 
strings, or the string of a trumpet-marine. 

In shortj if you have an experienced ear, you wilLbe 
able to distinguish tliese different sounds, either in the 
resonance of a string, or iu that of any other sonorous 
body, and even in the voice, 

Anotkey victhod yuahing ikh ejeptrimenU 

Suspend a pair of tongs b y a woollen or cotton cord, or 
any other kind of small string, and twistinglhe extremities 
of it around the fore linger of each hand, put these two 
fingers into yovir ears. If the lower part of the tongs be 
then struck, you w ill first hear a loud and grave ^otind, 
like that of a large bch at a distance ; and this tone will be 
accompanied by several cLhers more acute y among which, 
when thev begui to die an ay, you will distinguish the 
twelfth and the seventcentli of the lowest tone. 

The truih of this pbcoomenon, in reg^ird to the muttU 
plieity of sounds, is co^dirmed by another expciimtmt, 
meutiorted by Kameau, ir* ins Harmimical g^ntratmu If 
you take, ^ys l^e, those ^^topsof the organ called heiiTdony 
fr^stant or Tuitard an ^ tierce, which iorm the octave, 
tbe twelfth and bcrenteenth major of the hmrdun^ and if 
you dm|i out in succession each of the.otlief stops, while 
Xh^. imi'don alone is sound mg, you wdl licar their sounds 
mixed with each other; you may even4ia- 
tiaguish th^ while they are aj] sounding together ; but if 
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yfis'ivreludc for a moment^ by way of atnusementf ort the 
same^set and thf^i return to the ^ingte key first 

touched, you vriJI think you hoar orjly one tone, that of 
iho bdlir^iojji the gravest of all which correspoods to the 
'COund of the wliole system* 

Hkaiakk.^TIiis experiment, respecting the resonance 
-of sonorous budiGs, m not new* ]t was knovrti to Dr« 
Wa(Ji&, and to Mersonne, who speak of it in their works $ 
but it appeared to a simple phenomenon, vvirh tbo 

cpnsequences of ivhicli they were entirely unjccpiainted, 
Kauieau lirst discovered its nsc ni deducing from it all tha 
rules of iniisieal eomposition, which before had been 
founded on mere scntniiejii, and on experionce, incapable 
of servins^ in a gniiJe in ad cases, and of accomiting for 
every clfi ct. Ji h rin-i, tne Uavi±» his theory of funda- 
meutal buss, a system ^^Inch has been opposed viith much 
dec Jama ti on, hut winch how ever most musicians seem at 
present to have udopu'cL 

Ail lijii liannony then U multiple, and composed of 
sounds which won id L>c pr^iducod by aliquot jtarta of 
the fiortorons budy and we might add j., -I-, fite. 

But tlm woul^iicss of iJiC'^c scuntls, winch goon always dc- 
creusiEig i[i>M e]igth, renders it ddlicuIt to distinguish them* 
Haitieaii hr>wi ver>avslhat he could di^^tinguish very plainly 
tlic sound pi cssed by ivhtcli lA the df^ublc pctavc of n 
sound di\ idod ncariv into two equal part -^ being the inter- 
Tal betwevn A/ and si dat below the lirsL ociavc l he calls 
it a lost bound, and totally excludes if from harmony* It 
’would indeed be singularly discordant wiib all the other 
joiiudti given bv the HlikI amenta! iono* 

We mubt however observe that the celebrated Tarfini, 
io reg^d to this sound, was not of the same opinion as 
BameaQ* Instead of calling it a lost sound, ^e maiittains 
thsat tt may be employed in melody as well ais harmony; 
be distinguishes it by the name of the sevenlh consoTiattt^ 
But^eshall ieaye it to musicians to apprecjate this idea of 
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Tartii% whose celebrity in coinposttion^as 
tion^ required a refutation of a differeat kind, fromifrat 
to be found at the of a work printed in antitted 
Sutowc <fe la Musique* ^ ^ 

h 

EXFJEKlMEJflT II, 

If you tune several string^s to the octave, to the twelftlii 
and to the Rerentceutb major, of the determinate sound 
emitted by another string, both ascending and descending ; 
'SB often as you make that whicli gives the determinate 
sound to resound strongly,and with continuance,you will 
immediately see all th^re^t put themselves in a state of vi¬ 
bration; you will even bear those sound which arc tuoed 
loiver, if care be taken to damp suddenly, by means of a 
soft body, the sound of the former. 

Most persons have beard the glat^scs on a table sound, 
when a person near them has been singing w'itli a strong 
and a loud voice. The strings of an instunnent, tbaugli 
not touched, arc often heard to sound, in consequence 
of the same cause, especially after swelling notes long 
continued* , ^ 

This phenomenon arises, no doubt, from the vibrations 
of the air being communicated to liie string, or to the scu 
norpus body, elevated to the ab^jvc tones ; i'or it may be 
easily conjgcived that the vibrations of strings^ tuned to 
UDtsDQ or to the octave, of to the twelfth, of that put 
in motion, are disposed to reconnoence regularly, and at 
the same time as those of that string, one vibration corre- 
ponding to another, m the ca^eof unison; two to one, in the 
case of the octave ^ or three to otn^ in that of the twelfth : 
tb^ aroall impulsions tltercf ^re of die vibrating air, pro¬ 
duced by the string put in motion, will always concui^to 
itOGceaee thosp movemcnis, at firi^t ioiiensible, whkb they 
baV 9 s.|| 4 fil€asioDed in the other strings^ because they vfill 
. 9 )R<qp{ac 0 in the same direction, ahd w^jli at lengjth'render 
tbtm sensible* Thus gentle breath of air, conti&b^ 
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id same direction, is at length able to elevate 
waters of the'^>ceani But ^htn the sttings id qeeslioh 
aiC^ Btretched in such a manner, that their vibratioha ean 
hare no carriespondence' wttfi tftose of the string ^hieh id 
struck^ they will in this case be sometimes assisted and 
sometimes opposed, and the small movemeot which can be 
commumcated to ttiem, will be anniliibted as soon aa pto* 
juced, consequently they will remain at rest. 

GtJESTION. 

So ike sounds heard with the principal sound denve thei^ 
source tnimediaiely from ike sonorous bodj/t or do tk^ 
reside mly in the air or the orgs^i ? ^ 

It U very probable that the principal sound is the only 
one that derives its origin immedutely from the vibrations 
of the fionorons body. PbilDsojdiers of eminence have en^ 
deavDured to discover wliethefj independently of the total 
vibrations made by the body, there are not also partial vi- 
bratjon*) 5 but lot her to thtry liavi; been able to observe only 
simple vibrations. Besides, how can it be conceived that 
the whole of a string should be m vtbratioti, and that dur^ 
ing its motion it ibould divide itself into two or three parts 
that perform abo tbeir dtsiitict vibrations? 

. It must then be said tliat these turmonical sounds of 
octave, twelfth, seventeenth, &c, am in tlie air or the 
organ: both suppositions are probable; for^ince^a de^ 
terminate bound has the property of putting into a state 
of vibration bodieii^ disposed to give its its twelfth, 

we must allow that thi^i sound may put in motion the 
parucles of the air susceptible of vibrations of doubfCj 
triple, quadruple, and quintuple velocity. What however 
apjpears probable in this res peel is, that these vibra* 
tions exUt only in the ear: it seems iiidced to be proved, 
by^the anatomy of this organ, that sound is* transmit ted to 
the soul only by the vibrations of^those oervons fibres which 
cpyer the iuterior part of the ear , and as they ore ofMtf* 
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ferent lengths, thtre aro alifays some of^hein which p^- 
form th^ vibrations iiiochrortf^us to thoae of the given 
sound- But, at the same timr, and in consequence of the 
property above mentlfoued, this sound must put in 
tho^o fibres which are susceptible at Uochronoua vibrationsj 
and even those which can make vibratums ot double, triple, 
quadruple, &c, velocity- Such, ni our opinion, h the mott 
probable e?;p)anatiQn that can bo given of this singular 
phenomciioii. 


fiXPEKlMV.NT Iff* 

For tilts expevlmcut we are indebted to the celebrated 
Tartini of Fudua, it‘y6n diaw fnjin two iiistrusnents, at 
the same time, any two sounds wJuteveri^ you will hear in 
the air a third, which will be the more perceptible the 
nearer your ear is placed to the uiiddlc of the distance be¬ 
tween tlio two iji'itruiiiKnls, Let suppose then, fares* 
ample, two sounds winch buecet-d each other in the order 
of consonances, as the octave and tfie twciftli, the double 
octave and tfie scveniccnlh mHijor, Slc ^ the sound resulting, 
says Tartini, w'iil be the ocuve of ilic piincipal sound- 
This experiment was rc[>eatcd in trance with the same 
success, as wc arc assured by Ah Serres, in his PrifWipei 
de l^flantwtiicy printed in 1753 j hut mth this exception, 
that M* Berres found tlic latter sound to he ^ower by mi 
octave. As the octaves arc easily conFoiuided, thisdlSer- 
ence needs cxdtc no surprise. We must however here 
observe, that the celebrated musician of Padua, established 
on this phenomenon a system of harmony and composi- 
tiou; but It does not seem to have met with so favour-- 
able a reception as Uiat of B Erncan, 

/ 

- A-UTTCLE \ VU 

Of the systt/ns of ^fusic; the Grecian and tit 

modernf togcther*^witk ihtir peadianties^ 
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Of Grecian Music, 

' 'During the infancy of cnui^lc atndiig the Greeks^ their 
lyrU'btUj four strings, the iiound^j of wWich would Live cor-'^ 
r^pondoii to st\ uti re^ 9tjif but tlicy afterwards added 
ether throe Ja^ soi, itr. Tuc first diatouLc scrtle therefore 
of the Greeks, tran^lia^d into our musical latigu.ige, was 
5/| utf rc^ niijjti^ jt>/, in, and v^a^ comjio^cd of two totra-i 
chords, or sys^tems <d four sounds, stj ufj re^ ‘tut; tut, fa^ 
soi, lu; Lu which the ia 1 of tlic one and tin; tii at of the 
other were cuauiion, and on tins account they \vuro called 
ccTyunci hfntcharifs. 

We must Irpc observe that, Innicvcr 'singular thrs tfis- 
po^iULurt of sounds may ap[icdi to iilio arc actjuainU 

<jd only with the lULniein diatonic owkr, it is no less 
iiaturai and agTceiiblc to the ruje- of kinnnny; for Rarncau 
Las shon'M that it is uotlnug iliat? a tlic fuihta* 

lueiital bass of wliicii would be, soi^ ui^ ui^fa^ ni^fa. 

It possesses altvo ilio advaiiiago ol luving only one alleied 
interval, 'iiz tbu tlnrd minor himi re m /V, wli.ch, instead 
of being in the ratio ol 5 to (i, is iij t:iLL! oi 21 to j which 
ie somewlmt less* and conseiiucntly too low by a comfnaoi 
from 30 10 31p 

Blit this perrecrioii m tlie Grecian ginmnut was coiioter^ 
balanced by ci'o great iiii[jeriWhfJU> 1st. tfiat it did 
not complete the ottaw ; 2d, tEwc it did not teniunatc by 
a rcbt, winch loa'^es lo too tar iiiat kiiHi ol uneasiness re-, 
suiting troai a song Uegnn aiul not fitii^liedp It could nei- 
tbcf ascend to nor Jeseeiid tu la; .tod tboretbre the 
musicians who, to tomplete tiif oci ive, added the latter 
notebeluw, cnosidofed it to be loicign, ns we may say, and 
give it the name ol prostumbtumnems. 

For tbi^ reason they etufeavotired to discover another 
remedy for liii^i defect, und Pythagoras, as is 
posed the succession of sounds mi^ Ju^ sij ut^ri^ 
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mif composed sla \t appears of two'Uira^kqt^t 
This diatonic scale is almost the same as ours, with tins 
diBerence, that ours begins and ei|du with the tonic notCj 
while the former begins and ends with the mediantO^or 
third major. This termination, almost reprobated at pf«r^ 
sent^ was very cntijmoii ancEong the Creeks^ and is still 94r 
in the chants or vocal niiisic of our ehiirehes. t 

But here^ In Cousc[|ucncc of the harmonic generatiot^ 
(be values of the souudD ami intervals are not the same qs 
in the Brut scale. In thr ftrst, the iuterral from sol to ^ 
waa a tone minor, ui the ^^ecoiiU it is a tone major. In tbo 
last place, accor<liri^ to this second arrangement there are 
three intervals altered nfVulsc, vba the ticrcc major, from 
^ to Ai, too h^g^i; tht' tierce minor, from la to utj too 
low; and the Hfrir, fnun h to too high. These are the 
same faults as those of our diatonic scale ; bui the tem¬ 
perament corrects them. 

To these sounds the Greeks afterwards added a con¬ 
junct tctraciiord desccmliug, u£, re,'and another a&. 
cending, w/ij/rf, jb/, lu; by which they nearly supplied all 
the wants of melody, so far as it was confined lo one tone. 
Ptolemy speaks of a combmatioii, by means of which they 
joined the second primitive tetrachord to the first, lower* 
ing tile si a semitone, which made si Hat, ul, mi. This, 
no doubt, answered the purpose when they passed from 
the tone of tii to that of its lower fifth Ja; a transition 
common in the Grecian niiisic, as well as in our church 
music ; for in that case a si llat is required. Plutarch also 
speaks of a conihination wiicre tlie two last tetrachords 
were disjointed, by raising the fa a seirii'^nc, and that no 
doubt of its lower octave. \^^ho does not here perceive 
ouryh*, which is necessary wlien we pass from the tone of 
ut to that ol itf upper fifth scl'f The strings which coifo- 
sponded to W flat and fa sharp, were no doubt nicvely 
and not substituted in the room of si and^/tf. 
well known that ia the Grecian music there 
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diatonic, ctrfaniatic, arid enharmonic; 
IjS^hat b«!en hitherto said vektes oofy to the UiatorticJ- 
ohafacteriscs the cnhutmoriic that it employs^ 
tithet ascending or descend scvcml semitones in 
fAceessron* The chromatic ganimiit of the Greeks irast 
liit ut sharp, miffa^/a sharp, la. This disposition, 
by which they passed iininediatclv from ul sharp to 
omitting the re must no doubt appear very strange; but 
k Uncertain that this was the gamniut employed by the 
Greeks in the chromatic genusi It is however not known 
whether the Greeks liad considerable ])icce!> of music of 
this kind, or whedier, like us, they employed it only In 
tery short passages of cantata.^for we al'io have a chro¬ 
matic kind, though in a diifermtt acceptauon* This tran*» 
sitiotifrom semi-tones to seini-tunes, is less natural than the 
diatonic succession ; but it has more energy to express cer¬ 
tain peculiar scnsahon;t»: the haliairs therefore, who are 
great colorists in music, make frequent use of it in their airs. 

In reganl to the enharmonic music of the Greeks though 
considered by the ancients as the me^l perfect kind, it ia 
to us still ail enigma. To givi' soiii<^ idea of it, let iis as¬ 
sume the sign *, as that of the cnlianiioiuc diesis or sharp, 
which raises the note a quarter of a tone: tlie enharmonic 
■scale then was Ji, mif ta^ where it appear* 

that, after two fourths ol a tone, from si to w/, or from wii 
to^i, they proceed to mt or la* It enri hardly he con-^ 
ceived how there oouIJ be car? so well exercised as to ap¬ 
preciate fourths of a tone, and even if we suppose that 
there Were, wdiat modnhition could they make with these 
sounds? it is however very ceitaui that tliiv kind of music 
was long held in high estimation i.i Greece; but on (ic- 
count of its diflicnlty it was at length abandoned, so that 
not feven a fragment of Grecian music in ^ho enharmonic 
kind has been handed down to wi; nor any in the chro¬ 
matic, tWougli wc have some in' the diatonic^ 

must however here observe^ that this eDhariSoISjc 
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muhic of tlie Gre^k^ h not perhaps so rotqf^ffrnin 
as been bitberto supposed ^ for does not Tanini>'^iti 
proposmgTthe uiy& of his consonant sf^veuth, which is neatly 
a mean 50|lod between ia and flat^ pretend that 
tonationj la, jra*', re, ji*’, ji***^, is not only support? 
abic, but highly agreeabie,* Turtini does more; for he as^ 
signs to this succession tfie sounds of its ut, sol^ 

soli uifja, iiuikmg ut ^vitfi tins sign which signifies con* 
sonant seveiith* If this pretension of Tartini should find 
partizjnsj ma)? wc not sav that the enharmonic masic of 
the Greeks has been revived ? 


It now remains efuu weshontd sav a few words respect* 
ing the modes of the Urccian luusic. However obsctire 
this matter may bc% if wo can beheve tlic author of Hts~ 
toire ties Muibtj/iul/^iU'S^ wlio founds lii<; ideas on certain 
tables of Ptolemv, ihcsc luoOcs are nothing else llian the 
tones of our luiisu , and he givesi ti^e following compariitorr, 
■The D +i iao bt,'nig lakt'ii hypothelioiiily for the modeof^ 
utj these inodes, some lower than the Doriau a tic) others 
higher, wore: 


The Hypi>Llorian • * . corresponding to sol 

The Hj pophiygun . *. 

la ddt 

The Hypophugian aentior , , , , 

la 

The Hypolydian or Hypo-oeolian . . , 

si flat 

The Hopolydian acutior . , « . , 

« 

The Dorian .. 

tit 

The lastian or Ionian * . . ^ . 

ut sharp 

The Phrygian . 

re 

Thu JEolian .. . * 

re sharp 

The Lydian.. * \ 

fiii * 

Tlie Hyperdorbn , - * * * . 

A 

The HypUiiastiau or Mixolydian < * 

fa sliarp 


rTbfl Rv* 

The Hypermix olydku 

^oi J Pbeite . 
1 fif i]j.' 


tflni. 


question might be asked : If the difierence of 
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Ol^eoifln-ttiQdeAtfrcmslsted in tlta greater or less hdgbtrof 
the tone of the modutation, bo^can we cxplaiDf what 
toU of the clmracUws of tht^e different mod^, stome of 
jadiich excited ftirj', others appeased it, Sic P Tfil^ is rea^ 
son'therefore to thmk that they depended on something 
more; and it is not improbable* that besides difference of 
tone, there was a character of modulation pecuhar to each» 
The Phrygian, for example, which originated among a 
hardy and warlike people of that name, had a tnasculina 
and warlike character, while the Lydian, which was dc-^ 
rived from a Pofi and cffcinmatc people, had an analogous 
character, and cori'^equently was proper for calming the 
transports cxcit<Ml by the fornirn 

As we have liere said cnougfi respecting the Grecian 
mn&ic, we sJjjH now proceed to the modern,^ 

%IL 

Of i/ie Modern ]\Tu^k\ 

Every person arquuinted with music knows, that the 
gHmmnt, or dratomc ftcale of (be iiiodcrns, is rejireseiited 
by tlicse sounds, ui^ re, Wii, fn, so/, A/, which com¬ 

plete the whole extent of the octave* ^ ; and, wc* sbaH add, 
that from its gener.LtKm, as pxplaiued bv RLimcaii, it fol¬ 
lows that between and re sliere li a tone major; from 
re to t)i 4 a tone minor; from mt to fn, a semitone major; 
fromyi^ tij so/ a fone major, as w’cll irnm so/ to lu; from 
la to si d tone minor, and from M to ui semitone major. 

Hence it is concluded, that in this scale tliere arc three 
iiUt^rvals, winch are nut entiieiy the third minor 

from re toy^, anfl Indeed, being com posed of a tone minor 
and u seniJtmie major, it i& only in Jic ratio of 27 to 32, 

♦ Of thfl ae^cn rjotts iti Iht' Fit'iidi seals f/lj tot, ii\ 51, f^ur 

cjuly ifFrit'iallif ihM u^, as ioi, itt, nhicli ar9 4]>j>IUil tO ihifi 

Scale in thin /a, jvf, fa,/a, U, irtt, /u^ and sitpiesv tln^ UAlural 

teriej ticua Ck Jm - oi' ti'tir <'s»tji'4i-qyiciKc (fvLjcEi mctliod 

l&gl^aciplfiii ^tdi ircmain the s^uie* 





whkti^ sofuewbiit lew, vtz^ ^Oih^ titanstbftt^oC 
tbjB jatt ititio of the souivfi which compose the thM mtuor^ 
ttt^ike^anner, the tlriril. ma|or$ from Ja t6 bf id 1 |<k>' 
high, beH%composed of two tones majors whereas j£ ought 
to be composed of a tone major and u tone oimar^ to 
be exactly in^he ratio of'4 to 5. fn the last plaae, 
third minor, frooi la to utf is ai$oaltered, and for some 
reason as that from re to fa. 

If this disposition of tones major and minor were 
trary, they might no douht be arrangeil ni such a manim 
that fewer intervals should be altered ; it would be sufficient 


for this purpose to make the tone from ui to re minor,'^ ekI. 
that from re to thi major; the tone from sol to la might ako 
be made minor, and that from la to Ji major* For it will 
be found, thijj^by this metliod there would be no more than 
a single third altered; whereas, according to the other dis- 
poHltioD, til ere are three. This eivcu in stance has given 
rise to disputes among the musicians respecting the dktrt*^ 
butiou of the tones minor and major i some being desirous^Y 
for cjcample, that there sliould be a tone major Uetweetmf 
and rc, and otlicra a tone minor* The harmonic geiiera- 
tioo of the diatonic scale, as explained by lUineau, will not 
however allow this dispositjoii, but only the former, which 
la that indicated by nature; and not withstanding its im¬ 
perfections, which the temperament corrects, in the 
cution, it is preferable to the tlrst ol the Greciau scales, a 
scale very deficient, as it <hd not comprelicnd the M'hok 
extent of the octave; it i^Miperlor also to the second, 
fa, sol^ &.C, ascribed to Pythagoras, because its desinence 
is moLc perfect, and conveys to the ear a rest, which is not 
in that of Pytimgoras, ori aci,[>mtt of its fall on the tonic 
note, announced and preceded by the note .si, the third of 
tbc fifth effect of which so strikiiJg to our musical 


ears, that it Iras been ili}.tinguishcd by the name of the 
Two modes, properly so called, arc known In 
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«f web are exceedingly BfTtktng to )eam 
poMsadl of any vnnsical aensibifity; these are the mqf^ 
nio0e -end the miner iftode^ The major mode in 

dftt diatonic 'SCale the third of the tonur^tlotelK major; 
BUtfa is the third from ut to fm\ The above gammut^ or 
diifonic scale, therefore is in the major mofc. 

But^^e third of the tonic note be miitor, it indicates 
the minor mode* This mode has its scale as well as the 
major. Thus, for example, if we at^sume ^ as the tonic 
note^the scale of the minor mode ascending will be 
utf rcj sol^, la. We here make use of the term 

ascending, because it is a singularity of the minor modcj 
that its scale dci^cending^ is different from what it is as¬ 
cending ; and indeed in descending we ought to say Afj 
self' Jay miy re^ «/, rf, la. If the tone were m wf, the as¬ 
cending sC(i-le wonld be uty rcy sol, !^j si^ ut^ and 

descending uty sd^ Jay wi\ re^ vL Hence the 

reason why, in airs in the minor mode, ive so £ften find, 
^.without the Cone being changed, accidental Jats or sharps^ 
or naturaiSy which soon destroy tlu ir effect, or that of 
those which are in the ckT, This ih one of those singu¬ 
larities, of the necessity of which the ear made musicians 
sensible: the cauise of it however, vrhich depends on the 
progress of the fundamental bass, was first explained by 
Kameau* 

To these two modes shall we add a third, proposed by 
M. do Blainville, under the name of the 7nijced modey the 
generation and propertaes of w'hich he explains in his His¬ 
tory of Music J His Ecale is fay sely la^ siy ufy m\ 
We f-hali here only oliscrve, that musicians do not seem to 
have given ti very favourable reception to this new^ mode, 
and we confess that we are not sufficiently versed in these 
matters to be able to decide whether tiiey are right or 
wrong* But however this may be, the character of the 
oi^r mode b; spriglulincsa and gaiety ; while hi^the iiit£% 
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modoitlicre n something glonmy and sadi which renderit 
it j^culiarJy fitted for expressions of tliat kind* 

9^ iiHidern music lia!i its ^reneiaas well as the arfei^ii6 
The diaSiiic is the most eoinmon ; and is that most agr^-' 
able to what U poirtled out by nature; but the moderns 
have thoir ctHotxiatic al^, siud t^veii in certain respects 
their enharmonic, though in a sen*Je some what different 
from that assigned to these u'ords by the ancients. 

The modulation is chromatic wlieo several semitones are 


pfisfted over in succession, as if we should say^i, mif t/M% 
fv, or soijJa^jfd mi. It is very rare to have more than 
thre# or four semitones following each other in this marit* 
ner; yet in an air of the second act of ia Ziifgava^ or the 
Gypsy* an ItaVnm intermt^dn^ there is a whole lower oc¬ 
tave almost from u! m re in cori'iceutive seiuiloiic's. It h 
the longest clironiatic passage \uth which we are ao 
<|uai nted* 

Ruuicau finds the origin of this progrc^'^ioii in tlte nature 
of tlie fund am cental bass, w I ucfi, instead of proceeding from 
fifth to fifth, which is us natiirat movement, proceeds from 
third to third. But it must here be remarked, that in the 
first passage from w* to there onglit strictly to be 
only a semitouo and from h}t{^\ to re a semitone 

niajor; but the temjUTament and eonstitutmn of most lU* 
struments^ by coidonmhng the with 7 }n^f djvidc into 
C4^ual parts the ifiterval from re to mif aiul the ear is af¬ 
fected by them exactly in die same manner, oj^pecially by 
means of tfie accoinpaium'^ iit. 

There arc tu’o on bar mm ac genera, the one culled the 
dwlofik enhfirnittniCj and the other the chromtitii- enhar^ 
WiiHWf hut they are \ciy Uv eU- employed bv musicians. 
These genet a arc not mi cidlccf because (juarters of a tone 
are employe4 in tbemra*; in the ancient enharmonic ; but 
berause,.frbtii the progress of the fundamental bass, there 
nfluK acnihdsi which, tllougli taken one for the othcFj 
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ireally iiflcr a qi&rter of a tone, called! by the ancienifi £n- 
or arc in the ratio of 125 to 128. fn 
eoharmonicf tliq fuodaftfental ba&s goes on :iltoiMt< 

thirds, and in the clirotnatic eifharmonic it goes 
pn alternately by third maior atid minor, Tfo progression 
infifaduces, both into the melody and the harniooy, [pounds 
which, belonging neither to the principij tnno nor its rela¬ 
tives^ convoy astonishment to the ear^ and aifect it in a 
harsh and extraordinary manner, hot which are proper for 
certain terrible and violent expressions. It wds for this 
reason t!iat Rameau employed the diatonic enharmonic in 
the trio of the Fatc-^, in his opera of Hippoltius and Aricia; 
anti though he was not able to get it exeented, he was 
6r[n]y persuaded that it would have produced u powerful 
eflect had he found [it^rformt^rs dispo^icd to fall into his 
idcaf, so that he sufFtned it to remain in the partition 
which wus printed. He mrntinns, asj a piece of the en¬ 
harmonic kind, a scene of thn Italian opera of Corioliino^ 
beginning with these words, 0 rmjui Murmi^ ^vliich be 
saysb admirable. Specimens of this genus are to lie fountl 
also in two of his own pieces for ihc harpsichord, tho 
TVwnpAatite and the ^nhttnmmque, and he did not de¬ 
spair of being able to employ the c'lromatiC enharmonic 
at least in symplKinics. And whj^ indeed might he not have 
done, so, ^ince Locatelli, in his first cuuccrtos, employed 
this genus, leaving the flats and sharps to cxKt, UnJ dis¬ 
tinguishing for example the ref from wn‘'. This, says a 
modern historian of ffhistc, M. de Blainvilic, is a piece 
truly infernal, which throws the soul into a violent state of 
apprehension and terror. 

We Cannot terminate this article belter than by giving 
a few specimens of the n^usic of dilFerent nationf^. For this 
purpose we have caused to be engAved sdlnc Grecian, 
Pe^ian, Chinese, Armenian and. Tartar airs, wbicli wjH 
$ierv$ to give au idea of the modulation that cbaracteiiles 
chrajfSftic of th ese people (plate 16). 
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i ARTICLE IX* 

Muskiti Fara^oxa* 

, § L 

ft is impossSSk i& intonaiejusil^ fite following interoabf ^l^ 
ut, la, re, sol; that is iosoy^ the intei^val ietweew sal and 
lit ascendingf ttat from ut /o la re-descmding from third 
mimr, then ascending from fourth io x^yimdihai hetwttn 
re and sol descending frmn fifih^ and to Tnake the second 
sol in unison with the frst. 

le will be found indeed by calculation, that if the Arst 
sol be represented by I, the K^, ascending from fourth, will 
be J I cotisequcntly the la^ dcsccndhig from third minor, 
will be ^; the re above then will be | J, and in the last 
place the descending from fifth, will be -|4* But the 
sound represented by is lower than that represented by 
1, therefore the la&t sol is lower than the first. 

But how comes it that experience is contrary to this cal- 
culatton } In answer to this question we shall observe, that 
the did'ereiice arises merely from t!ie remembrance of thfe 
first tone soL If the car however were not affected by this 
tone, and if tlic performer’s whole attention were directed 
to the just intonation of the above intervals, it is evident 
that he wouTcl end with a lower sol. It therefore bftdn 
happens that a voice^ without an accompanimeift, after 
having chanted a long air^ In which several tones are pass^ 
ed througli, remains, in ending, higher or lower than the 
tone by which it began* 

This arisei^irom the necessary alteration of some ititCN 
vala in the oSt^nic scale, lu the preceding example, from 
la to Mi, tiiere is only a third nunor in the ratio of SIT to 
3f, and^t «f 5 to^^^vbut it is the latter whidt is intb^ 
ikated if the voice be true and well cxcrciseid; consc^ 
qucui^ly tho'person who chants, lowers by a comma more 
than is necessary, and Iberufore it U not astoOishiuj^^at 
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the last sol slioiiM always be lower^ by a comina^ than the 

m 

In ittsiruments mnsirueted with keys^ nwA as the Aar/wi- 
€kord^ it is impossible that the thirds and tji^ Jifths should 
ift bothjusL 

This may be easily demonstrated in tiSe fallowing man- 
ner.’^Lct there be a ^ries of toncs^ fifths to each otlicr as^ 
cending, as utf sol^ re^ la^ mi; If ut be denoted by sol 
will be re la ^ this ?/u ought to form the 

third major with the double octave of ut or that is to 
say they ought to be in tho ratio of 1 to or of J to 4, or 
of 3D to 64; hat thif; is not the case, for ^ and ^ are to 
each other as SI to G4: this mi therefore does not form die 
third major with the doable octave of ut; or if both are 
lowered from the double octave^ ut and vii are not thirds 
to each other, if mi is a just fifth to la^ 

In inistruments witli keys tbciij such as the harpsichord, 
however well tuned, all the intervals, the octaves ci^cepted, 
use eitfier false or altered* Tins necessarily follows from 
the inanuer in which that instrument ii^ tuned ; fur when 
alj the vfs are made octaves to eacli other, as they ought 
to be, the sot is made the fifth to m(, re the liftli Lo sol^ and 
the,octave Is lowered,because it is too high; Jb is then made 
the fifth LO Td?, thus lowered, and the fifth to la^ and this 
mils lowered from octave. By continull^g in this manner 
to ascend twice from fifth,and then to descend from octave, 
the series of sounds sii/d fUi , sol^,. rc^f la^^ «'* 

are obtained. But the latter si , Mdiich ouj^^t at most to 
be in unison svitfi the ut^ the octave of tbi^St^t, is found 
to be higher; for calculation sliows tliat it is expressed 
by which is less than ^ th^H^ue of ^he octavo of 

ut; this render!^ accessary what is called temperament^ 
which consists in lowering gently and ccjually ^Ithe fifths, 
sio the latter si^ is found to be exactly tlic octave of 

A A 2 
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the first ut^ Such sit le»st the method tauftht by Rii*- 

V ' tan. 'If 

kneeui and it is no doubt the moi^t rationah But whai^Ver 
i^y be,the raethod employed, always consists i^r^jeclt- 
ihg in a more or loss equal manner from tht nates pf tlW 
octave, this excess of ii* above which cannot he doQfe 
without allying, in sotnp measure, the fifths, thirdStc. 

We have just seen that the jf*, given by the progres¬ 
sion of fifths, is higher than ut; but if the following pro* 
gres^on of thirds be employed, uty 7ju', w/*, this si 
will be very difFerent from tfi« former; for it will be found 
that it is expressed by while the octave of ui is y. But 
^ is less than consequently this is below ul eK* 
pressed by and the interval of these two sounds is ex¬ 
pressed by the ratio of 12S to which is the fourth of 
the enharmonic tone. 

§ m. 

ji Imtr mie^for example re, afecied In/ a sharps is not the 
same thing as ike higher noie^ mi, affected a fiit^ 

the case is the same with other notes which are a whole 
tone distant/rom each othcK 

The sharps are generally given by the major mode, and 
even by tbe minor, provided the subtonic note is act dis¬ 
tant from the tonic more than a semitone major, as the 
si is from ut^ in the tone of ut ; then, as from rc tO wii 
there is a tone minor, which is composed of a semitone 
major and a semitone tninor, if we take away a semitone 
major, by which re ought to be lower than nu, the re¬ 
mainder will be a semitone uiinor, by which the same re^ 
ought to be his her than re* If the distance between the 
notes were major^ the sharp would raise the lower 
note by an^Mterval equal to a setnitone minoT, plus a 
comma oCBf) to 3 l^J^<ch is a mean semitone between the 
major a^d-thb minol^Tbe note therefore is raised by the 
sharp oidy a mean semitone, or a semitone minor> 

plate are generally introduced iu modulation by^the 
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When it U necessary Jo lower the note a thirtil^ 
ihall form with the tonic a third minar: mt ibt 


tbmfd^ ought to forirf wkh ut a third minor: coo^eh 
<jqieOTly if frw the third major ut which i« we t^hc 
tBe third minor^ which ia the remainder the quan-r 
tity^wbieh expresses how tnucli Aie flat lowen the mi be¬ 
low the natural tone; rm flat then is higher than re sharps 
In practice however the one is taken for the other^espe* 
cially in instniments constructed with keys: the flat in 
tfaw is lowered, and the sharp gradually raised, til) they 
cbincide with each other; and we do not know whether 
practice'would gain much by making a distinction between 
them* 


AllTICLE X, 

On the cause of the pleasure arising from music—The effects 

of it on man and m animals^ 

It has often been at>ked, why two swmnds, which form to 
each other the flftli and the third, excite pleasure, while 
the ear experiences a disitgrceable sensation by [iearing 
sounds which arc no more than a tonn or a semitone dis¬ 
tant from each other. Though it is diflicidt to answer this 
question, the following observations may tend to throw 
aome liglit on It. 

Pleasure, wc are told, arises from the |icrception of re^ 
iationSj as may he proved by various examples taken from 
the arts. The pleasure therelore^ denved from music, 
consists in the perception of the relations of sounds. But 
are these rdutions sufficiently simple for the soul to per¬ 
ceive and distinguisli their order f Sounds will please when 
beard together iu a certain order ^ but, on^^^^ther hand, 
they will displease if their relations are looi^^plex, or if 
they are.absolutely destitute of ordgr. 

Ttp> reasoning will bo sufficiently^PPI^ed by*an enumera¬ 
tion of the knoWLi concords. In ^nison, the vibrations of 
two sounds continually coincide throughout the whole time 
of tbelr duration; this is the simplest kind of relation. 
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UnisDD aTso is tlie first concords In the tiv'o 

sounds, oF which it is composed^ perform their Vibfdtfeo*- 
in such a manner, that two of the (jne are compiet^ in ihe^ 
same time as two of the otlier. Thus unison Is succeeded 
by the octave# Ii is so natural to man, that he who, thnHig^^ 
some defect ip his voice, cannot reach a sound too grave 
or too acute, faJfs into the higher or lower octave# * 

When the vibrations of tw^o sounds arc performed in 
such a manner, that three of the one correspond to one of 
the other, these give the simplest relation, next to thos^ 
above mentioned. Who does not know, that the concord 
most agreeable to the ear is the twelfth, qr the octave of 
the fifth ? In this respect it cvcti surpasses the fifth, the 
ratio of which, a little more compounded, is that of 2 to 3. 

Nc3;t to the fifth is the double octave of the tliird,-Dr 
the seventeentfi major, which is exprcsficil by^be ratio of 
1 to 3. This concord therefore, next to the twelfth, is the 
most agreeable; and if it be lowered from the double oc¬ 
tavo, to obtain the third, it will still be in consonance; the 
ratio ctf 4 to 5, by which it is then expressed, being very 
simple. 

In the last place, the fourth, expressed by the third 
minor, expressed by anti the >iixths, both major and 
minor, expressed by ^ and arc concord!^, and for the 
same reason. 

But It appears that all the other sounds, after these re¬ 
lations, are too complex for the soul to perceive their 
order: of this kind are the intervals called the tone mi^or 
and the tom; nnnor, cxprc'tsed by J and and much 
more so the semitones major and minor, expressed by ^ 
and are^e concords of third and fifth, 

however little* they nuy be altered ; for the third majof, 
raised a comma, is expressed by and the fifth dimi- 
nishid^y the'sanie r^mny, has for its expr^paflion i m 
the fast place, thfi tritonoy as from ui to fa\ is one of thci 
mw disagreeable discord'i, and is expressed by ff. 



t EFFECTS OF ^ . H9, 

{biUot¥Li}g verjr strong objection hoH'ever maj be 
Bu^e .to msotitng* How can the pleasure aristi^ 
from, concords consist u:^ the perception of relations^ si pee 
th&.jsouJ often does not know whether such ^^lations exist 
between the sounds I The most ignorunt person is no less 
pleased with a harmonious concert than he who has calcu- 
Jated the relation of all its parts: what lias-hUlierto been 
said may therefore be more ijigenious than solids 

We cannot help acknowledging that are rather in** 
dined to think so ; audit appears to us that the celebrated 
experiment on the rcftonancc oTsonorous bodies, may aerve 
to account, in a still more plausible mantier, tor tiie plea^ 
sure arising from concords; became, as every sound do* 
generates into mere iioi&ej when not accompanied by Its 
twelfth and its seventeenth major, besides Us octaves, ia 
It not evident that, when ivc combme any sound with its 
twelfth or its seventeenth major, or with both at the same 
time, we only imitate the process of nature, by giving to 
that sound, In a fuller and more sensible manuer, the ac* 
companiment which nature itself give^ it, and whidi can^ 
not fail to please the ear on account yi the habit it llasac- 
t|uired of hearing them together ? Tins is so agreeable to 
truth, that there arc only two pririuiive concords, the 
twelfth and the seventeenth major; and that the rest, its 
the fifth, the third imijor, the fourth, and the sixth, are de¬ 
rived from them. We know also that these two primitive 
concorfls are tlje most perfect of all, and that they form 
the mo&t agreeable accomfianicncnt that can be given to 
any sound; though on the harpsichord, for example, to 
fiicilitate execution, the third major and the fifth itself, 
which with the octave form wJiai& called pei^^t harmony, 
are substituted in their stead. But Lias harmony is perfect 
only by representation, and the most perfect of all would 
be that in ’which the twelfth and the ^&ventednth were com* 
binod with tbc fundamental sound and its octaves, Ra¬ 
meau therefore adopted it as often as he could in his 



360 ^ BFFSI^S OF 

% 

choruses, attd particularly in hU Pygmalion# .^e 
eiilat^e furtfaer ou this idea, but what has been^^IreEdy 
saief will be sufficient for every intelligent reader. 

Some very ejetjraordi nary things We related in regard to 
tlte effects pi^ucetl by the music of^tlie ancients,, which 
on account of their bi^gnjariry we shall here mention. 
We shall then examine them more minutely, and show 
tlifltjiu this rGspcct, the modern music is not inferior to 
tlie ancient. 

^gumcmumif'^it is saic], when he >sct out on the expedi¬ 
tion against Troy, bchig desirous to secure the fidehry 9f 
Ms wife, left her nndqr t)ic care iif a Dorian musician, who 
by the effect of his airs rendered fruitlcsi^^r a lojigtime, 
ihc attempts of jEgisiliusto obtain her affectiOTj; but that 
Prince having discovered the cau^e of lier resistance, got 
the mii'^iclan put to death, after which he triumphed with* 
oat difficulty over tlie virtue of Clj^teinnestra. 

We are told aho that, at a later period, Pythagoras com.- 
posed songiS or airs rupable of curing tlie most violent pas¬ 
sions, and of recall mg men to the patlis of virtue and 
moderation : vvhilc ilie physician prescribes draughts for 
curing bodily di^^easc'^, an able musician might therefore 
prescribe an air fm rooting out ti vicious passicn« 

The story of TllnQlllell^, the direct nr of the music of 
Alexander the Great, is uell knowta—tJneday, wiutethe^ 
prince Avai> at table, Timethcu-s performed an afr in the 
Piir^giun mode, i^Jnch made biich an iiiipres^^ion on him 
that, bein'! alivady heated ixi+h ivjne, he Hew to his arms, 
untl was going to attai k fiis guests, had not Timothens 
imnifdiatelv changed the style of iiis perronnance to the 
Sub*Phrygid!i, nm-d^^aluied the mtjictnous fury of 

tlie mot.arcli, who resumeMji> pUce at table. This wEp 
the same Tiumtheus who, at SpartUi experienced .the 
humhiajd^ of si^^mg publu ly suppressed four strings which 
*he bad iSiled to hi-i l)re* T}ie severe Spartans tlioiight 
that tSis innovation would tend to effemunue the onanner^i 
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bflUtFOdticing' a iiiore exten»ii% and mort wiegated 
of ftmsic. This at any proves that the Greeks were 
Ciinvinced that musica peculiar inQuence on 
and t+iat jt was tlie duty of government to^eep a iratcV 
ful eye over that ar^ *' 

^ Who incited can doubt that^ music Is capable of pro- 
dncing aji effect ? Let onty interrogate ourselves^ 
and exaniine whiit have been onr seri^Mitfoits on hearing a 
majestic or ^va^llke piece of music, or a tender and pathetic 
air siiUg or played with expression* Who does not feel 
that the latter tends as much to melt the soul, and dispose 
it to pleasure, a^ the lormcr to roUn'iC and exalt it? Several 
facts in regar^Nb the modern music place it on a level in 
this respect with the ancient^ 

Thcinodt'rn mu'^ic indeed has also had itsTimotheus,whp 
could excite nr calm, at hts pleasure, the most impetuous 
emotions, Henry lU. knig of France, says k Jourftal de 
Sajicy^ having given a concert on occasion of the marriage 
of the Duke de Joyeuse, Claud in to Jeiine, a celebrated 
musician of that period, executed certain airs, wWchliad 
hucli an clFcct on a yuimg nobleman, tbut he drew his 
sword and ciiallenged every one near ium to combat^ but 
Ctaudin, equally prudent as Tunotiieus, insrantly changed 
to an air, apparently Sub-Phiy gran, which appeased the 
furious \ outh- 

But, what shall we say of Stradella, the celebrated com¬ 
poser, wiiosc miiMC made tbe daggers drop from the bands 
of hisi a^^^asstns? StradeiJa liaving carried off the mistress 
of a Venetian musician, and retired with her to Rome, the 
Venetian hired three despci-ruloes to assns.sinutc him} but 
fortunately for Stradellu they^||^d an ear sensible to har¬ 
mony. These assassins, while waiting for a favourable 
opportunity to execute their purpose, entered tbe church 
of%[t John de Latran, during the perlbrmance of an 
Oratorio composed by the perion whom they intended to 
destroy^ and were so affected by music, that they 
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abandoned their design^ and even waited on the tnosician 
to forewarn him of his danger. Strudel la however was 
not always so fortonatc; other assajMtiSj who Apparently 
had no ear music, stabbed inm some time after 
Genoa; this event took place about the year 1670. ^ 

£very person almostt has^heard that music is a cure for^ 
the bite of the tarantula. TJiis cure, which was formerly 
considered as certain, has by some been contested : bub, 
however thw may be. Father Schott, in hi» Mus^£rgi^t 
Curi>£ctf gives the tarantula air, which appears to be very 
dullj as wcU as that employed by the Siciitaa hshermen to 
entice the thunuy fish into their nets. 

Various anecdotes are related respectin^^rsons whole 
lives have been preserved, by music ejecting a sort of 
revolution in their constitution';. A woman being attacked 
for Beveral mouths with the vapours, and confined to her 
apartment, had resolved to starve licrsclf to death; she 
was however prevailed on, but not without difficulty, to 
see a representation of the Serva Padronof at the cofi-^ 
elusion of which she found herself almost cured, and, ro* 
nouncbig her melancholy resolution, was entirely restored 
to health by a few more representations of the like kind. 

There is B celebrated air hi Swisjtcrland, called Pant des 
PacheSf which had such an extraordinaiy effect on the 
Swiss troops in t4ie French hcrvice, tliat they always fell 
into a deep melancholy when they heard it: Louis xiv. 
therefore forbade it ever to be played in France, under 
the pain of a severe penalty. We aio told also of a 
Seoteb air (Lochaber no more) wbicli has a similar effect 
on the natives of Scofland, 

Most animalEi, and even^sectS', are not insensible to 
the pleasure of music. There arc few niu>ician> perhaps 
lyho have not seen spiders suspend theiniielvei by their 
thiwda:iD order^ to be near the htstruments. -We have 
several tjbes had that satisficetion. We Gave seen a dog 
who, adagio a sonata by^SenaaJiez, never fidled- 
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to fhpw algii9 of attoDtion> and some peculiar, pen^Uou 
howling^ - . 

'the moat singular :^t howerer is that meiUioned fay 
Bonnet, in his History of Music, This relates that 

' oflftcer^ being shut up in the Bastille,lEad pcrtnissibn 
to carry vnth him a Jnt.c, on^which he was an excellent 
peWormer; but lie had s=carcely made use of it for three 
or four days, when the mice issuing from their lioles, atid 
thesprdcrs suspending thetnsf^lves From the ceiling by their 
threads, assembled arouad him to partiLipatc in liis melody. 
His aversion to these ammals made their visit at first dis* 
agreeable, and induced him to Jay a'siJe Jiis recreation; 
but he was accustomed to them, ihat they becamo 

a source of amusement. We are informed by the same 
author, that he saw, iu ut tlie country seat.-or Lord 

Portland, the English ambassador in Holland, a gallery in 
a stable, enifdoyed, as he was told, for giving a concert 
once a week to the Jjorses, which seemed to be much 
affected by the music. This, it must be ailowed, was 
carrying attention to horses to a very great Icngtli. But 
it is not improbable that this anecdi>te told to Bonnet 
by Bomc person, in order to make game of him* 

AUTICLl!: XI. 

0/ the properties of eeriaui msiruvKnU^ ftnd particularly 

wind ui&tru'tntnl'^* 

L We are perfectly ivell acquainted with the manner 
in which stringed mstruments emit their sounds; but 
erroneous ideas were long cutertained in regard to wind 
instruments, such as the diitc; fur tl!b sound was ascribed 
to the interior surface of the The celebrated Euler 

first ret tilled this errors and it results from his researches: 
pi^lst. That the sound produced hy a flute, is nothing else 
than tliat of the’cylinder of* air contained fii iu-^ 2 d* Hbat 
the weight uF the atmosphere which compresses it, acts 
the part of a stretching^'weight*— 3 d% That the sound of 
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this cyfindel^ of aiij in exactly the same as' tiiat ^hich 
would bo produced by a string of the same mass and'leh^th^ 
extended by a weight equal to that which compresses the 
fae^of the cylinder. 

This feet is confirmed by-estperiment and calculation'; 
fbr Euler found that a eylmder of air^ of 7| Rhinlandish 
feet^ at a time when the barometer is at a mean height^ 
must give C— sol — ut ; and such is nearly the length of 
the open pipe of an organ which emits that sound* The 
reason of its being made generally S feet is, because that 
length is required at those times when the weight of the 
AtiUospherc is greater. ^0 

Since the weight of tlm utniosphere produces, in regard 
to the sounding cylinder of air, the same effect as that 
produced by the wciglit which stretches a string, the more 
that vheight is incrcaiicd, the more will the sound be ele¬ 
vated; it is therefore observctl that during serene warm 
weather, the tone of wdiid iintmincnts is raised; and that 
during cold and stormy weather it is lowered- These 
iustmineiits also emit a higher f^ound, iu proportion as 
they ate heated j bi^cau^e the urns'; of iIke cylinder of heated 
air becoming lob's, while the weight of the atmosphere 
remains unchanged, the case is exactly the same as if a 
string should bcconoc less and bo still stretched by the 
same weight: wery body that such a string tVould 

emit a higher tone* 

But as stringed instruments must become lower, because 
the elasticity of the strings insensibly decreases, it thence 
follows that wind and ^tringed uLitnituents, however well 
tuned they may be to each otlicr, soou become discordant t 
for this redsen the Italians admit the former into 

their Orchestras* 

IljJjWery singular plicnrmetion is observed in regard 

such as the flute and hutitsman^s horn: 
wUib ^ flute, for example, when all tlic holcd are stopped 
blo^ faintly idfo the mouth aperture, a certain tone 
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{^jjyi^ccd; if you little 5tffM:^^r,,tli^. t«iie 

i^^ndy ti»e9 19 the ocfcai^ ; und by blowing succf^vely 
'^itk (ooye force^.yc^ will produce the twdrtbf^^or 
above the octave | then tbe,double octave^ or seventeentbt 
majfflr. . . . ^ 

The cause of this. efTect js^the divisioo of the cyliitdeif 
of aircontaiued In the instrument: wlien you breathe into* 
the flute gently, die whole column resounds, and it enaita 
tli6 lowest tone; but if you endeavour, by a stronger in- 
spirattpn, to make it perform quicker vibrations, it divider 
itself into two parts, wliicli perform their vibrations sepaf- 
ratcly, and i^icli consequently must give the oQtayet a 
still stronget^spiratLon makes the column divide itself 
into three portions, which give the twelfth, &c, 

IIL It remains lor irs to speak of the trumpet marine* 
This instrument is only a luonoehord of a singular 
struetjon, being composed of three boards that form a 
triangular body. It baa a very Jong neck, and one thic^ 
string, mounted on a bridge, wliicIi is firm on tbeone^side^ 
and treinuloua on tlic other. It struck by a bow with 
one band, nnd uitli the other the string is stopped or 
pressed on the neck by meuEis of the thumb, applied to 
tlie divisions indicated for the dilFcrent '^tones.-^The 
trembling of the bridge, when the string is struck, makes it 
imitate the i>tmnd of the trumpet; and thin^it does to such 
perfection, ttuit it is scarcely possible to distinguish tile 
one from the other* Hence it Irad it^ name: but whereas 
in common stimged instruments the tone becomes lower 
as the part of tiie itiing struck is longer, the case Itore is 
the contrary; for if the half of thi string, for example^ 
gives lit, the two thirds give the above, and the three 
fourtli^ give the octave. 

M. i^uveur first assigned the reason of this singular 
and prove^l it ip a sensible manner, by slfowing that Wheu 
the string, by the gentle application of the finger, is 
divided into two parts which are to ^ch other a^ I to 





^rhateref part be touched, the greater irmnediitety^divide 
itself into 1 wo equal portions, which consequently perfdtm 
their nbratlons in the same time^ ahfi giire the same souiid 
as the k$s. But the being the third of t^e whote^ acd 
the two thirds of the half, it must give the fifth or, sol 
when the lialf giv^cs uL JLn^hke manner, the three fourths 
of the string divide themselves into three portions, each 
equal to the remaining fourth, and as they perform their 
Tibrations separately, they tnu^t emit the. same sound, 
which can be only tlie octave of the lialf. The case is the 
same with the other sounds of thu trumpet marine, which 
may- be easily explainect on the same prLn<^^e« 

auticle XII* 

fy ajt.red sound; fiuthod ^preserving and iraiismitiing it. 

Before the effects of the temperature of the air on 
sound, and on the instruments by which it is produced, 
were known, tbia would not have formed tfie subject of ^ 
question, but to the few possessed of an car exceedingly 
fine and delicate, and in which the remumbranee of a tone 
is perfect: to others no doubt would remain that a flgtc, 
not altered, would always give the same tone'. Such an 
opinion however would be erroneous, and if the means of 
transmitting to St* Domiogo, for e^cample, or to Quito, or 
only to posterity, the exact pitch of our opera were re¬ 
quired, to solve this problem woulJ be attended with more 
difhcuhy than might at first imagined* 

Not withstand I ng what ttia^ be generally said in this re¬ 
spect, we shall here bggin by a sort of paradox. It is every 
where said tliat the degree of the tone varies according 
to the weight of the atmospiure, or the height of the 
'barometer. This we can by no means admit; and we 
flatter omij^ves^tliat we can prove the contrary, , 

It hag^jS^ii demonstrated by the formate of Euler, and 
no'one entertains dtny doubt*in regard to their truth, that 
if irepiewnts the Weight which compresses the cclumu 
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kpgth of chat coluhTn^ and w ICtt 

weight, the iiiiinber of the vibrations It malces wtH'be eaC* 

prt^ased'by IS to say, ^11 be in the compound 

'T^ii6 a the square root of g, or the compressing w^ght 
taki^n trirectly, and the product of the length by the weight 
talLdnInversely. Let ns suppose then that the length of 
the 'column of &kr put in vil»ration is invariabte, and that 
the gravity of the atmosphere only, or is variable, aa 
well as the weight of the vibrating celumn. fn this case 
TvO shall have the number of the vibrations proportional to 

the expressioE^—. But the density of any stratum of 

air being properiioiiai to the whole weight of that part of 
the atmosphere immediately above it, it thence follows 
that w, which hi equal length:! is as tlie density, is as <Am 

The fraction ^ therefore is constantly the same, when 

n' 

dilfcrcnce of heat doc^^ not alter the density. The square 
root of ^ then is always the same j consequently there 
will be no variaLion in tlic number of the vibrations, 6r in 
the tone, at whatever height m the atmosphere the itlstrtl’* 
inent may bo sitnatcti, or wdiatcver bu the gravity of the 
air, provided its temperature lias not changed^ 

This reasoning, in our opinion, is unanswerable; and 
if the gravity of the air fias hltlierto becrij’eckoned among 
those causes ivhidi alter the tone of wind InstrmnenU, it 
is because it has been implicitly believed that the weight 
of the cohunu of air put in vibration is invariable. It is 
however evident that under the same temperature it umst 
be more nr less dense, according td the greater or les^ 
density of the atmosphere; since it has a communication 
with the surrounding itrutnm of air, the den,sity of vfrlrich 
lA proportional to that gravity. But the gravity in equal ^ 
volumes is proportional to the density; lierefore, &c, y 
T^othing theu^tnaiiis to be considered but the teftflpera* 
tute of the air', which is tlie only cause that can prodb^ 
farhtfioiT^ ih the t&fte^of a wind rxistr aide al Bui vnh^vtt 
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may^ be tb,e degree of beat ot of tbfi^ tom b«t 
fixed in the foliow'ing inaiiRer* F& tbbt pcurpitee 
an ioatrument, such a«. a German flitte, the.oytiodef of^ur 
ia which can bp Jengthened or shortened ^ moving' ibn ' 
joints closer to or fartiier from each otlier^- addjiave 
another so construe ted, as m remain-in variabiep.and^which 
ought to be prcscrvcfj in the same lemgeratiire^ such vm 
54 degrees of Falirenhcit’s thermometer^ The^ftrst flute 
being at tl^e same degree .of temperature, bring thoDf both 
into perfect unison, and then heat the first to 74° of 
Fahrenheit, which .^vxll necessarily comaiunicate^tD the 
cylinder of air contained in it the same i|^rce of beat, 
and lengthen it by the quantity necessary to restore per¬ 
fect unison; it is evident that if this elongation were , 
divided into ^0 parts, each of them would represent the 
quantity fay which the Bute ought to be lengthened for 
each degree of Fahrenheit's thermometer* 

Blit it may be readily conceived that the quantity of 
ibis elongation, wbich at most would bu but a few lines, 
could not be divided into so many parts; and therefore it 
ought to be executed by the motion of a screw, that is to 
say one of the joints of the io^trumont ihauld be crewed 
into the others for it would llien he easy to make this 
elongation correspond to a whole revolution, and heoceit 
might be divided 4nto a great number of ctiual partsi? 

By these means^tfae opera at Lima, if required, where 
the heat frequently to 110 of Fabreuheit’s thermo* 
meter, might be made to bavu exactly the same pitch or 
tone as at Pans. Bqt this )s sufficient on a subject the 
Utility of which would not be worth the trouble necessary 
for aatain^g to such a degree of precision* 
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■ ■■ 

appii^iion music to a fucstisn in 9?jec&tmcs. ' 

question Whs formerly proposed fay Boretii ; and ^ 
though vre do »at think tljat it can at pteseot tea aubjeet 
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of occairioned some di6brence of opiiuon 

aitDoog n certain class of mechanicians, 

a string at one end to a fixed point ; and having 
stretched it over a tind of bridge, suspend from it a weiglit, 
auoh pounHs for example^ 

Now if, instead of the fixed point, which maintains the 
string in its place in opposition to the action of the weight, 
a weight ^uat to the former he substituted, will the string 
in^botH cases be equally stretched f 

We have no doubt that everv well informed mechanician 

•V 

wUJ readily believe that in both cases the tension will be 
the Same; and (||is necessarily follows from the principle 
of equality between action and re-actloti. According to 
this principle, the immoveable point, winch in the first 
case counteracts the weight suspended from the other end 
of the string, oppoi^es to it a resistance exactly equal to 
the action which it exercKes: if a weight equal to the 
former he therefore substituted instead of the fixed point, 
every thing remains equal in regard to the tension ex¬ 
perienced by the parts cjf the string, and winch tends to 
separate them* 

But music furnishes us with a method of proving this 
truth to the reason^ hy means of tfie scn?ic of hearing ; for 
as the tone is not altered while the tendon remainss the 
samc^ nothing is necessary but to make ilic followmg ex- 
peritnenu Take two strings of the Fame metal, and the 
saute size, ami having fastened one of theoi by oue end to 
a fixed point, stretch it over a bridge, so as to intercept 
between^ it and the fixed point a determinate length, such 
as a foot for example ; and suNjiend from the other end of 
it 0 given weight, such as 10 pounds- Then extend the 
second string over two bridges, a foot distant from each 
other, and suspend from each extremity of it a weight of 
10 poUTldir; if the tone of fhcH^two strings be the same, 
there will be reasoe to conclude tliat the tension also is the 
do^not know whether this experiment wasev^ 
vojp* II. ^ ^ 
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made; but we iriJl venture to assert tlyitit will decide ia 
favour of equality of tension^ ' ^ 

Tins ingenious application of ^usic to Biecbatiics, is 
tbe invention of Diderot^ who proposed it ia Us Meffwif^s 
suT drj^r^ies st^^€ts de MaiheTiiat^ui^^t de Pi^Hgue^ 
printed at Paris in octavtfiii the year 1146, '5' 

ARTICLE XIV, 

Some siltgular c<msideraiionst7L regard to tht^ais ondshitTps^ 
and to their progression on their different (ones^ ^ 

_ Those in the least acquainted with muaic know that^ 
according to the different keys employed in modulation, 
a certain number of sharps or fiats are required; because in 
the major mode, the diatonic scale, with whatever tone we 
begin^^must be similar to that of utf which is the simplest 
of all, a« it has neither sharp nor fiat.' These flats or sharps 
have a singular progress, which deserves to be observed ; 
It is even susceptibly of a sort of analysis, and as we may 
say algebraic calcnlatTon. 

To give some idea of it, we shall first remark, that a flat 
may and ought to be considered as a negative sharp, since 
its effect is to tower the note a semitone, wbere^ts the sharp 
raises it the same qnantit}, I'liis consideration alone may 
serve to determine all tlie sharps and flats of the different 
tones. 

It may he readily seen that when a meloily in ui major 
is raised a fifth, or brought to the tt^ne uf a sharp is 
required on the fa. It may tuerefore be tfience concluded, 
that this modulation, lowered a fifth or brought toyh, will 
require a flat; and indeed one is required ori the si 
It hence foitows also, that if the air btt raised another 
fifth, that is to say to re^ one sharp more will be required; 
and this is the reason why two are rtcci^ary. . But to rise 
two fifths, and then ilbsccnd an octave to ^ipproAcri the 
primitive tone, ia to rise only one tone; consequently to 
raise tfie air one tone, two sharps most be added. The 
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tone of indeej requires two sharpSt end'for ibe saute 
reason the tone of mi requires tour* 

,Thq t^Deof/a requires one flut , aiuJ tliat ot?mf requires 
foui^ therefore^ when an air U raised a seittitoAe^ 

iiye B^b must l^addeJ § ror, a Hal being a negative sharp^ 
it is evident that saeh a mimbet of flats irnistt be added to 
the four sharps of mt\ us sliall cfTuee these four sharps^and 
leave one-^at remaining ^ which cannot be done but by 
five.flats, for, according to the iafignage of onalyiisj—A.r 
must be added to 4jr, to leave its renidindci'—.t* For the 
same reason, \t the modulatiog^he lowered a somitocie, flve 
eliarps must be ^ded: thu«, the tone of u/ has mathcr 
sharps nor flats,'tive sharps will be found iieccssj^ry for si^ 
which U indeed the case. If the inodidution be stiH 
lowered a toi^e, to bo in sve nmst add two flats^ in the 
same manner u.s two ^liarps arc added when we rise a tone* 
But five sharps plus two flats, is the same thing us five 
sharps minus two sharps^ or three sharps. We still And 
therefore, by tliis method, that the tone of ia requirefi three 
sharps. 

But, before we jitocecd farther, it will be necessary to 
observe, that all the chromatic tones, ihat n, to s;iy all 
those inserted between the tones o( tho natural diatonic 
scale,may bo cnn^jidered as tiliarps or flats; lor it evident 
thuc or are the sanio thing, b is very singular 
however, that according as tins note )s i; onsidcred an in* 
ferior one aflected by a sharp, or a superior one lAfTccted 
by a But, the number of sharps required by tbo tone of the 
first, for example, and that ot the flats required by 
the tone, ol' the second, always make 12; wlucli 

evidently arises from tile division of tiu- octave into 12 
semitones; therefore, since as above j-liown, requires 
Bve flats, if, inste*^ of tins tone, we consider it u(^t 
sevco sharps will be required ; but^tW the faciijty of oxo 
cutLon it is much better, in the prescjit caiC, to conaidcr 
tbb tone as re^f than 
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Thb chaoge therefore ought to bfeiiiMde 

thft number of the sharps ^:Cee^^<ix ; so that, sinoft 
sharps^ ample, vrould be foijlnd in the teme of wc 
mtist call it H$(h, and Ve shall hara for that totn* two ^{fittSr 
because two flats are the complement of len sb^rpal^^n 
the other hand, in following the progression of the 
tones descending, if vre should find a greater nUihber of 
sharps thatx 12, we ought to'^rcject 1C, and th^Yetnaitider 
will be that of the tone^roposeJ : for example, as ut fa^s 
neither sharp nor flat, we have five sharps for thfrlotC^r 
tone si; ten sharps for % Gcmitone heiow^ -fifteen 
sharps for the still lower semitone la: if twelve ehatps 
tlicrefore be rejected, there ’will remain three, which *te 
indeed the number of sharps necessary in the tone of A— 
mi — 

TIm! tone of s&^ ought to have a or^4 flats, if we call it 

The tone of sal will have IS sivarps, from which if tS be 
deducted, one sharp will remain, as is well known. 

The tofie ofwill have 6 sharps, or 6 flats, tf we call 
it 

The tonc^d ought to have 6 flats plus 5 sharps; that is, 
1 flat, as the 3 sharps destroy the same number of flats. 

That of ^11 will have 1 flat plus 5 sharps; that 4 
sharps, as the flat destroys one of them. 

That of rd* will liavc 9 sharps or 3 flats, if it be con-* 
side red as mzb. 

That of re will have 14 ssharps; that is to saj by re¬ 
jecting t2, or 3 flats plus 5 sharps = 2 sharps* 

That of uf will have 7 sharjis, or 5 flats, if wc call it rc*^. 

In the last place, iht* tone ul natural will have 12 sharps; 
that is, notte, or 5 Hats plus 3 sliarps, which destroy each 
other* 

The' very (atne results would he obtati^^d tti ascending 
by seoAlltoTie after setpifbne from ut, and addijig S fiats for 
each; taking care to reje^ct 12 when they exceed that 
number. Our readers* by way of amnsaiaent^ may make 





th 0 «ateulatU>Q. By.calcdftt^ the niioAer tbe MitiU 
tonesj eitlv^ a^enditig or de^centliog, wo might in liko 
'iitaito6r'.£od th^t of thfe sharps or fiats of anjui^tone gi^o* 
,4 Let take, foe esample^ that of /4*; from ut ascend-' 
itilg there are sit semitone^ ami si^ tiineB 5 fiats makes 30 
flrbm which if wo deduct a nmitiple of 12, the 
.remainder will be 6 : soP* therefore will have 6 fiate. 

,.The swe^^ is € tones lower thanu^; ponsequeotly 
ikere must be G times 5 or 30 akarps; from which if 24 
be deducted, 6 sharps will remain, as we have found by 
another method. lgn‘ 

, 7ho tone of s&l is 5 aeu^fones tower than ut; conse¬ 
quently there must be 5 times 5, or 2^ stiarps; from which 
if 24 be deducted, there will remain only one sharp. 

As the same tone is 7 acmitones hif^her than w/, there- 
must be 7 times 5 or 35 flats; from which if 24 be de¬ 
ducted, the remainder will be i 1 fiats, that is, one sharp. 

This progressiion appeared to us so curious as to be 
worthy of this notice j but in order that li may be ex¬ 
hibited under a clearer and more favourable pomt of view, 
we shall form it mto a table, wliicli uill at any rate be 
useful to those who are beginning to pby on the harpsi¬ 
chord. For this purpotse we shah preseut each chAomatic 
note as flattened or siurpened, and on the left of tlie 
former wo shall mark the sharps it requiresi, and the fiats 
on the right of the latter. 

0 sharp . - . vt* . . * 0 flats 

7 sharps . wi* or rt^* . 5 fiats 

2 sharps . . . re* . . . 

9 sharps . or rui^ . 3 fiats 

4 sharps * . . . . 

U sharps .. « . Jh* . . . ) fiat 

6 sharps , or ioi^* . C fiats 

1 sluirp . . . $oi^ >. * . 

ft sharps * 9ol or 


4 flats 
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^3 sharps , 

. . fo* . 

- *■ 

10 sharps . 

la* or 'Ti*'*' 

2 Hats 

5 ^arps . 

. . «* 

i: 

0 sham . 

. . at* . ■ 

0 flat 


Of tli^e taiic», wc liiivc marked tho»e usuaEi^r emgloyM 
with a *; for it may l>e eacidy coneclvcd that by employ* 
ing rr* under this forui, w e sitould liave 9 sliarpsj wiuch 
would give two noteis double aharptij vis/it**, 

*0 that the gamut wouEd be vii^, or fa, t>f 

la^f or w/** i wliicii it wpuid be 

e:xcecdmgly difficult to e^j^te; but by taking Jn* 
stead of re^t wc have ojily 3 flats, which renders the 
gamut much ampler, as it then becomes 

sol, iu*\ Jii"*, ttf, rt', 

We are almost inclined to a^k yiardmi of our readers for 
having amused them with thn frivolous speculation; but 
we hope the title of our work-w ill plead our eseii&e. 

ajiticle x\\ 

Mtthod of improving harrd4t?strumcnU^ ond <f viaking 
than ft to execute airs ej ever^ kind* 

Tbejnechanism of that jnstrument, called the barrel 
organ, is well known. It consists of a great number of 
pipes, graduated aci'ordnig to the tones and seniitoues of 
the octave, or at least those semitones frhich the progress 
of modulation in general requires. But these pipes never 
sound except when the wind of a bellows, kept in coti- 
tmual-actton, is made to peiicttate to them by means of a 
valve. This waive is shut by a spring, arid opened when 
necessary by a small lever, rai^^d by spiketi implanted in 
a wooden cylinder, uhich is put in motion by a crank. 
The crank series a/so to move the bellows, whiciiaiust 
contlndSilly furnish die air, destined to produce the diifer* 
etit sounds by its introduction into the pipes. 

But, in order that the subject of thU article may be 
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properiy comprehended, it will be necessary that the 
reader should have a perfect idea of tlie matmer in which 
the notes are arranged* on the cylinder. 

Tiie different small Icren^ which must heiiised to pro* 
duee the different tones^ bdn^ placed at a certain distance 
frocn^ach other, that of iialf an inch for example, circular 
liues are traced out at that distance on the eyKnder, One 
oF these lines is intended for receiving the spikes that pro¬ 
duce the sound ut^ the next ro%t]iose that sound tif^, tlie 
next for those that give rfi, and so on. There are aa 
many lines of this kind are pipes; but it may be 

easily conceived that the diflPIBii of an air or tune caonot 
exceed one revolutuuj of tlie cylinder. 

Let UE^ suppose then that the air consists of 12 tneasures* 
Each of thege crrcuniferencos i^i divided into 12 equal 
parts at least, hy liue^ drawn parijilel to the axis of the 
cylinder; and if we sapjiOic tlia; the shortest note of the 
air IS a quaver, and tliat tire air Kin triple tituCf denated 
by each intcrvji! must be divided into six equal purtiouf;; 
because, in tins ca^e, a mefisurc will cotitain six quavers. 
Let us now su]>pohC that the hrst notes of the air are ia, 
ufi stf rCi uti vfif StCj all equal uoiea, and all simple 
crotchets. At tlic hegniiuiig of the hue for receiving the 
la^ and of the mcasiurc, a .spike must be pLced of 
such d construct ion I an to keep laiscd up during the third 
of a me*isurc the siijall lever that miiLes the la siound; 
then, in the line dcsthicd for the uif at the end of the 
second division or beginning of the third, a spike similar 
to the first must be fixed in the cylinder; and in the line 
destined for the another of the saiue kind must be 
placed; it evident that, when th\ cylinder begins to 
turn, the- first spike will make la sound durmg the third of 
amnasiue* The second, as soon as die first third of the 
measure is elapsed, will cutcU the lever and make ui 
sound; and tbe thifd wUlin dike uianucr make si sound 
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during t^a tbird. Th«i instrumeot tberefoee will 

kjUtj si, Sic. " , 

If, instead pf tliree crotebets^ tb^e ^ero six quayms 
Which in thiraeasure are tbe.&rst long^ tite second short, 
the third longj and so on alternately, which are catted 
dotted quavers, it may tie easily perceived that after ^ 
spikes of the first, third, and fifth notes^ have been &$ed 
in the respective places of the division where they ought 
to be, nothing will he ttecessary but to take care that the 
spike of the first quaver, which in tlib time ought to be 
eqqal to a quaver and a ha)£||ri|yi have its head construcl^ 
in finch a manner as to rais^fPTlever djiring one part and 
a half of the sijt divisions into which the measure is divided) 
which may done by giving it a tad behind of the oecei- 
Aary length. In regard to the short quavers, the spikes 
representing tEicm ought to be remained back half a di¬ 
vision, and to be formed in such a thanner, as to keep the 
lever corresponding to them rflbed up only dusng the re¬ 
volution of a semidivision of the cylinder. By these ex* 
atnpTes it may be easily seen wEmt must be done in'the 
other cases, that b, when the notes have other values* 

Were the cylinder immoveable in the direction of its 
axis, o^ly OTie air could be performed i but as the spike* 
move the small levers merely by touching them beneath 
in a very narrow space, such as the brcadtii of a line at 
most, which is a mechaniMti tliat may be easily conceivod^ 
It will be readily seen that by giving to the cylinder the 
small lateral motion of a line, none of the spikes can com¬ 
municate niotioR to tile levers^ Anotlicr line therefore, to 
receive spikes arranged so as to produce a different air, 
may be drawn close to each of the first set of lines, and 
the number of the difierent sets of lines Daay be siK or 
fievenj^cordtn^ to tlie interval between the first ,Hqc$, 
whiqj^ is the same as that between the middle of one pipe 
and flic middle of the neighbouring one; by these me 40 s> 
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be moved & little iu the direciion of 
the air may be chang^. 

Soch Ifi the mecbanlftm of the band or barrel organ, tfhd 
othfi^iantromeotK censtructed on the same p^ndple^ but 
it^ay be easily seen that they are attended with tills 
convenience, that they can perform only a very small 
number of aira^ But as a series of five, six, eight, or a 
dozen of tunefi, 1$ soon exhausted, it might be a matter of 
some importance to discover a method by which they 
might be changed at pleasure. 

' We agree in opinion who has given some 

observations on tlm subjec^^ the worfc above quoted, 
that this purgosc might be answered by constructing the 
cylinder in the following manner. Let it be composed of 
a piece of solid wood, covered ivitli a very bard cushionr, 
and Jet the whole be pushed into a hollow cylinder, of 
about a line in thicknesst On ibis inner cylinder draw the 

mf 

Jin^H destined to receive th# spikes, placed at the proper 
intervals for producing the din^rent tones; and let holes 
be pierced m these lines at certain dLstanccs, six for ex¬ 
ample in each division of the measure if it be triple time, 
or eight in the measure if it be common time, denoted by 
c: we here suppose that no air is to he set that has thorter 
notes than plane quavers. 'Twelve holes per measure will 
be required in the first case, and sixteen in the second, if 
the air contains semi-quavers. 

It may now be readily eouceived that oti a cylinder of 
this kind any air wJiatevev might be set; nothing will be 
necessary for this purpose, but to tlirust into the holes of 
the exlerior cylinder spikes of the proper length, taking 
care to arrange them as above cxplaiiiCii; they will be suf- 
fiaiendy firm in tJteir places in coiiscqueiice the e)as- 
tiei^ of the cushion*, strongly compressetJ between the 
inner cylinder and the hollow outer one. When the air 

•m 

Mifbt nflt coib b' employed of the cUKbton here |iropoioilT 
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is to be changed, the spikes drawn otit, aiht put 

into, B'box divided into small cells, in the same manner aa 
pointing types when distributed in tfie cases. Tho int^tor 
cylinder may then he made to revolve a Kttle, in order to 
separate the tioles iiv the ciisluon from those in the exterior 
cylinder, and a new air ma^ then be set with as much fa¬ 
cility as the former. 

We bhall not examine, with Diderot^all the advantages 
of such an instrument, l^ecausc it must be allowed that it 
nevfer can be of mucli utility, and will have no value in 
the eyes of the musician. m is however certain that it 
would be agreeable, for those who possess such instru- 
inents, to be able to give more variety to the airs they are 
capable of p^tbrming; and tins end would b^ answered 
by the construction here dcacribed. 

V 

ARTICLE 

Of sonie ifisirumeni^^'macAin^jf yenimr/cadlejor 

thtir xitiguiarUy or ^comU'ufiion* 

' At the head of alt tlicsc miisjcal instruments, or 
chines, we ought doubtless to^lace liio organ ; the extent 
and variety of tfio tones of which would excite much more 
admirat'iQit, ware it not so common m our churches; for, 
besides the artifice necessary to prodnre the tones by means 
of keys» what ingenuity must liave been required to coti* 
trive ifiichaiiism for giving that variety of character to the 
tones, which is obtained by means of the different atops, 
such those Cidled the voice stop, flute stop, &c } A cpiH' 
plete description therefore of an organ, and of^its con¬ 
struction^ would be sufficient to occupy a large volume. 

The ancients had hydraulic organa, that is, organic the 
sound of^wbidi was occasioned by air prcKiuccd by the 
motion cf wa^er. These machines were invented by 
Cteeibius of Alexandria, and his scholar Hero* From the 
description of these hydraulic organa, given by Vitruvine, 
ip thC'tenth book of his Arehitecture, Per ran It constr acted 
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one which^he deposit|d m ‘the King’s libraty,* where the 
Boyal Academy of Sciences held their sittinga, Thi# ifr* 
indeed is not to be compared to;t[io mod^n 
oi^A&vbut it is evident that the tnechantstn of it has 
served as a basis for that of ours* - St, Jerome speaks with 
enthii»fLsm of an organ which'had twelve pair of bcUbws, 
and which could be heard at the distance of a mde. It 
thence appears that the method employed by Ctesibiu^, to 
produce air to fill tho wind-bo>c* was soon laid aside^ for 
one ntore simple j that is, for a pair of bellows. 

The performer on the ia^ont* ha^t^ue^ and the au> 
tomaton dntc-player of VancaiisoTij whiefi were exhibitedf 
and seen Avith ail miration in most parts of Fiiropc, in the 
year 1^49, may be classed among iIlo moat cilnou£i mu^icaf 
iKiachines ever invented. We siiall not however say any 
thing of ihe former of .J^hese machines, because the latter 
appeal's to have been Aurmorc complex, 

'The automaton Rnte^pl^jfr performed several atrs on 
the flute, Avith the precision ami cmTCCtiicss of the most 
expert musician,^ It held the flute in the usual manner, 
and produced the tone by^neans of Us mouth ; while its 
fingers applied on the holes produced the diflerenit notes. 
It IS welt known how the fingcis might be raised by ipikes 
fixed in a cyhtidcr, so as to prodtici* these sounds; but k 
is ditHciik to conceive how that part could be executed 
which is performed by the tongue^ and without wKfch the 
music would be very defective, Vauenoson indeed con¬ 
fesses that this motion in his machine was that which cost 
him the greatest labour, Tbosie desirous of farther informal 
tiou on this subject may cojisult a small work, in quarto^ 
which^Vaucanson published respecting these machinesr 
A very convenient iubtrument for coinposer^s ivas in¬ 
vented some years ago in Germany: it consists of a horp" 
sichord 'ti^tuch, by certain machinery added to it^ notes 
down any air or piece of music, while a person t» playing 
iiP This is a great advantage to composerSf aa it enables 
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tbeaii ^bep hurried away by th^ feryiiiir of thai9» jmegioer 
tiopj^ %a preserve what hafi successively'f«cdived from thalr 
a Meeting existence, and wi|at otherwise it ^ 
often be impossible for them to remember*-^ A de^Ki^ 
don of this machine may be found in the memoirs of the 
Academy of Berlin, for the year 1173* 

m 1 

ARTICLE XVIT. 

Q/" a ntt& insirument caiie4 thi: JTarmonica, 

y This new instrument was invented in America by Dr. 
Franklin, who gave a de&cri|)pon of it to Farber Beocarta, 
irhicb the latter published m his works^ printed in 1773* 

It is well known (hat when the finger a httle moistened 
is rubbed against the edge of a drinking glass, a sweet 
wund is produced ; and that the tone varies according to 
the form, siae, and thickness of the The tone may 

be raised or lowered ako by putt*^^|into the glarss & greater 
or less quantity of water* Di^rauklin $ays that an Irieh- 
'tmiii, nattieJ Puckeridge, hrsT^iSliceived the idea, about 
twenty years before that time, of constructing'an lustra- 
meitt with several glasses of tlii^kiod, at^usted to theYarl- 
ops tonfs, and fixed to a stand in such a inapner, that dif¬ 
ferent airs could be played upon them, Mr* Fuckeridge 
having been afterwards burnt iojiia house along witb this 
iostrument, Mr, DeUval coui^tructed anotlier of the same 
kind, with glasses better chosen, which he applied to the 
like purpose. Dr* Franklin tiearrng this iuatrumcDt, was 
0 O delighted witli the sweetness of its tonoF*, that -he en^ 
deavoured to improve it i and the result of his f^earches 
was the instrument which we are now going to deseiibep 
Cause (p bo blown on purpose glasses of difTerent 
and of tP* form nearly Itemitiphoi'ical, having each in die 
lUhkUiaraii opi^ neck. The thickness of the gfass^uear 
th^ edge, should be at most one tenth of an inch, and ought 
tpHincrease gradually to the neck, which in the largest 
glares should be an inch in length, and an inch aqd a 





I 

inTthc inside*' In regard ta tire dioM^iiftioni 
tfa»'glasses Checn^tves^ the targcfll; cnay be aboat 9ltitlxeiv 
tn diiimeter »i the moatEi, and the least 3 inchedea^h ghss 
deeWnng in «ee a quarter of an inch. It 'nill be propi^ 
Iti have five or six of the same diameterj in order that th^ 
may be more easily tuned to the proper tones; for a 
alight difference will be sufHcicnt to make them vary a 
tone, and even a third. 

.When these arrangements are made, try the diSeref^t 
gfassee^ in order to'^orm of them a scries of three or four 
chromatic octaves. To elevate ilie tone, the edge towoiid^ 
the neck ought to be ground, trying thcln every moment, 
for if they be mised too high, it will afterwards be impos- 
aible to low^ them. 

When the glasses have been thus graduated, they mast 
be arranged di a oompion axis. For this purpose, put a 
cork stopp^ very cloa^ hito the neck of each, so as to 
project from it about hal^l^inch ; tlieii make a bole of a 
proper size in all these c^s, and thrust into them an tfon 
axis, but not \vi|h too much force, otbeniise the necks 
might bursty Care muat al^o be nikcu to place the glasses 
ill stich a manner, that tlieir edges may be about an inch 
di^icant from each other, wluch nearly the distance be-* 
tween the middle of the keys of a harpsichord. 

I'o one of the extremities of the axis affix a wheel of 
about 13 inches in diameter, loaded wiih a weight of from 
W to 25 pounds, that it may retain for sonic time the mo¬ 
tion communicated to it. This wheel, which must be 
turned by the same mechanism as tliat employed to turn A 
sphifiing wheel, communicates, as it revolves, itn motion 
to ’Ao axU, which rests in two collars, one at the extremity 
and' the other at some distance from the wheel* The 
whole may be fitted into a box of t'^o proper form, placed 
on a frame supported by four feet. The glasses corre¬ 
sponding to the seven tones of the diatonic octave^ may 
painted of the seven pri^uiatic colours in their natural 
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Ordn't tbat tljle di^rent tones to which they conresppnd 
iiMy be more readily clistmguisheJ. 

XJie pergoa who plays on this iui^trutQeut, U be- 

foi^c the row of gUsks, as if before the keys of a h^rpslr 
ohord; the glasses are slightly uioistencJ^ arid.the wheel 
beiog made to revolve, coDSEOunicates the same rnotion to 
the glasses;’tlie fingers arc thci* applied to the edges of 
the gkasest and tlie difierent sounds arc by these meuus 
producedi It tnay be easily seen that ditrercot parts ci^ii 

executed with this jnstfumcat, as witfi the harpsichoiS. 

About fourteen or fifteen years agOj an Engfii^h iady at 
Paris performed^ it is said, exceedmglj^ well on this instru'* 
ment. The sounds it emits are remarkahly svreet, ant} 
would be re#y proper as an uccofnpiiidment to certain 
tender and pathetic airs, it is uttendod advan< 

tage, which is, tljat the sounds can l^.maintaiQed or pro¬ 
longed, and made to swell at p}ea|a&; andLtit&ln^tpot^tt ^ 
whenouce tuned, neverrequu^P^uealtered. JCsdl^Ri^ded 
great satisfaction to many EmSlffihrs; but we have heard 
that the souud, on account of its ^Sj^t sweetness, became 
at last somowliat insipid, and t)iis r^on parhapstit U 
now laid uaide, and coidincd to cabinetij, among other 


ii\ii5ical ^ c uriosit j cs, 

A few^eara ago Dr. Cliladiii, who has made various ro 
searches respecting the theory of sound, and the vibratLoiis 
of sonorous bodies^, invented a new instrument of this 
kind, to which be gave the iinme of mphtm. This itistru^ 
ment has some resemblance to a smuU wTiting desk, and 
contains in the inside -lO glass tubes of differentd^olours, 
of the thickness of the barrel of aqudl, and about IG inches 
in length* Tiicy are ivett^d^w stli w^acer by means .gf a 
sponge, and i»troked the fingcvii in the direetioK of 
their Jeugth; so that t1^ increase of ttiu tone depends 


* H« publjsljed a walk eiitUled, 

Thwfi^ det KlaTt^ts. Lli^\c I’iB'i- dta. 
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merely o(i the stronger or wf^ker [>res«affe, ilTid the ihiwer 
or quicker tno\%nient of the fingeris. In the back pStt tbi^ 
is a perpendicular sounding board, through which the 
tutws pa^ In sweetness of sound this instrutnent ap* 
proaches near to the harmonica; but seems to be attended 
with advantages which the other does not possess. „ 
lst» It is siinplerj both in rcg4rd to its conirtrwetion, and 
the movement necessary to produce the sound ; as neither 
tjytrning nor stopping is re^^uired, but merely the motion 
of the finger,—2d- It produces its sound speedier; floibalf^ 
as soon ns toitehed the tone mav be made as fufj as the in- 

« V 

fitrument is capabl^of giving it: wirerea6*in the harmonica 
the tones, and particularly tho louver orteSj must be made to 
inorcaae graduaUy^-^Sd, It jin's more distincteess in quick 
pas^ageSi.because the tones do not resound long as in 
the barmopjca^ wh^ye the sound of one low toilo is often 
heald when'-you to liror die following onci/^ 

4lh- Thfr unison is pur^j^k^ is gcnertilly the case in the 
liarrifonica; where it ls*flwS:ult to have perfect glasses, 
which in cve^^ p^rt give like tones wdh rnatheuaiitical ox- 
actnis^s. It is however,air1fffliNjlt to ho tuned a:^ the har- 
mohica,“"Srit.‘lt does not alfect thc‘ nerves of the per* 
former; for a j^erson scarcely Iccl^ a weak agitation in the 
fingers; whereas in the harmonica, particularly in con¬ 
cords of the lower notes, ihc agitation cvteiids to the arms, 
and eveu through the whoic body of Uic pt^rforjuer*—6th- 
The expense of this instrument wilt be much less diai> tliat 
of the harrnomcn*—7th, Wlien one of the tubes breaks, or 
any otli^ part is deranged, it can be easily repaired: 
whereas when one of the glasses of the haniioriicii brciiks, 
ittequirftK luiidi rime, and difficn; lo procure anntlicr 
€^p4blf of i^iving the nume tone ^ the former, aud wlucb 
will ooTfcspunti sufficiently with the rest. ^ 

For faniA^: particulars respecting this instruaieut, and 
the history of its tjivcntion, see The Phiicsophta'l 


or voL p, 







■ ' ' ‘ A^TECLE XVIII^ 

^ ^ t^^, i. ' 

, ty jwne Wn^u/or rigurd to mwict ^ ^ 

li«. OBft perhaps woutd ecarcely lmiieii«.it po«sib]€ far 
» person to compose an w, though enttrejy igooravt of 
rnualc^ least o€ comfiosition. I'bU secret howei^or 
Mru» pubfis^d a lew years ago, in a small work entitled 
Xe Jiiu dw Dez /iurmonipiet or Ludus Mt^lothedicus^ con* 


taining various catcnlationa> by means of which any p^- 
.tfOijtj^ven Ignorant of music, may compose muiucts, with 
the accompaniment of a bass- 8vo. Paris 1757, In this 
work the autbor^shows bow a minuet^pud its bass be 
composed, according the po^ts |hrpwnSTith tw9^dice, 
bv' means of^ertain tables, ^ 

This author gives a metliod also of pCriQl'ial^ top same 
thing by coeans of a pack of card^ 


to 


thp title of thie work ; and w 
attach no more imporUmc 
himself. ^ ^ - 

We ahall iberefore conteut oiit^ves’Wijii having Jnen* 
tioned works to which thu^reSUor Jtnay liavc refcontse, far 
information respecting tnls kind of a^uuseuit^ut, the com* 
binatiou^ or which must nave cost more labour tnan the 
je^t d.^sclrved- We shall however observe, timt tins author 
publish^ another work entitled, Invention d*une Man^ 
factureet I\tbri^ue de au petit ineiUTf &c. Svo- 1759^ 
in which he taught a method of ana wen ug, in Latin verse, 
by mcani of two dice-iintl certain .tables, uny question pro* 
pojcd. This, it must be confess^, wa«^ espe^^^ much 
labour to little purpose* . r j 

Sfd. A physician or(.pr^n Aoqae years ag%pab)^*b4i^ 
imall treatise, in whic^|te employe^ ^eteri^nlug 

the st^ of the pulse, ifc repre^hted th6 '^>e^^^of a 
regub^^ulse by mifinet time, and those of the, other kinds 
of patse by different measures, more or less acetderated. 
If this method of medical practice should be introduced 
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Ftoimcs nt OH ^ABATpro'^LATftS* 

will be «. cmdof^ apectAcle to"see^ disciple of Hippociutet 
feeling the pnW of hjp patient by the sound of an imtru- 
mentj and trying airs analogous by their time tp the mo¬ 
tion of his pdlse. In order to'discover its quality. If ail 
other diseases should baffle the physic»an*ft skill, there is 
rcftton to believe that low spirits will not bfe abl^' to with- 
atand such a practicei 



ARTICLE SIX. 

Oa tke firmed Sand and other light Subsilafvt^e}^ 

^ OH Fidrating Suffices, 

Chladnipf Wittenberg, by bis experiments on vi- 
published in nST, opened %^new field in 
tbis^ of sotence, viz, the consideration of the 

cdrte^tlbs^^'by sand and other light bodies, on surfaces 

As this subject is curious^ and 
[earch, we shall present the 
ton the method of repeating 
GrcuVJournAl of Natural 


fe«F%iL 

tbdfc^C^pfxiinentsV takW 
Phild&^jhy/vk/S^t 
Vibration fi^res^ as'^tey ard^alled, arc produced on 
vibrating su^(^es,*becaii5e som^parts of these surfaces 
are at r(3st, and others In motion. The surfaces“^est for 
being^ade to vibrate, are panes of glass; though th& cA- 
peritbents will succeed equally well with plates of metal. 
Or pieces of board, a line or two in thickness. If the sur¬ 
face of any of these bodi^ be strewed over with substances 
easily put in motion; such for example as fine aand; these, 
dtlfhig ihi vibration of the body, will remain on the parts 
at rest) and be thrown from the part^ in motioE, so as to 
forBij^ipafthematical figures. To^roduce such figures, 
notUOg 15 necemry but to know mb method of bringing 
that pait'of the surface which you wish not^o vibrate into 
a state of rest; and of puttiugtin m^^lPthat which you 

^ ^ • S«t ikD m. No. 19 . " n 
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If 

Wttli to vibrate : on this jfependa tbe whole cjipcrtTWf m£ 

producing^ Vibration figures,^ ^ . . ^ 

Those who have never tried these ^experiments tniglA 
imaginej-^at to produce fig,^ fi ph 19^ it wodd betwi^ 
sary to damp^ m particular^ every point •f the part tirbe 
kept at the two concentrio cirolef andthedin^ 

ineterTairid to put in motion every part intended to vibrated 
This hoivevor is not the case; for you need damp only the 
points a anti and cause to vibrate one part tfae^Ud^ 
of.tbe plate; for the motion is soon eommaniesied to tW 
other partSj which you wish to vibrate, and the reqaitod 
figure will in tliis manner be produced- 
Tbe damping may be best efietitod^ 
place to be damped between two 
it only by one finger* This wiil be ma^ 
bended by toroing to figi fi, wliei 
ill that poaition necessary to Ij 
produce iig. 3, you mustn 
placing the thumb above 
rectly betew ity 'and-bosidteS^ ^ ^ 

point ion the under If the bow of a 

violin bo then rubbed tnst the'^alcTfit will pvcM'' 

duce otf^lhe glass the figure wiiich.'i^ delineated fig'* 9^ 
point to be supported or damped lies too near 
the centre of the plate, yod may rest it On a cork, not too 
broad at the end^ brought into contact with the glasd ifi 
«lich a manner, as to supply the pl^e of the finger. i Jtda 
convenient also, when you wish to damp several poinfi^^ 
the circumference of the glass, to place your thiAlh tjii 
cork, and to use the rest of^ your fingers fiir toi4ehttig’ibe 
parts which you wish to kefcp at rest. For esampl)^>]f ym 
wish ijroduce fig. 4^'hh an e)hpCft^ plate, 
of Wbtdifis to Ibe less aa 4 to 3, yoiv’fiiflsfc qdAiov'the cork 
the ccfitVc't'f the«p1ate; ptit yemf lAmmb^ttpCn 
thb pCint, and then da.^qi the two points of the cidge p aild 
qj ^ may be seen fig* 5,4:nd make the plate to vibrate by 
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ttibiHDg the v,iQlin,hcjiv agamat k at r. There h ttiU «TH 
eonventent method of damping several points at the 
edge, ^hendarge platf)t<ar&employed.. Fig. l represents 
a atrofig iqiiare bit of metal a lioo in olrcumferencef 
which is screwed to the edge of the table, or made fast in 
eiiy other manner i and a nctcf), about as broad as the 
of the plate, is cut into one side of it with a file. You then 
bold the plate resting agignst this bit of metal, by two or 
fingers when requisitej as at c and d; by wliich meatts 
the edg0 of the plate will be damped in three poiuta dfei 
ftnd ip this manner, by putting the plate m vibration at^, 
y^oti can produce 10, fn cases of necessity you may 
jii^lfar^edgii iflNe, instead of the bit of meUl;, but it 

so well. 

. ^ vibration at any required place, a com- 

rosin, IS the oiogt pro^r in^ 
The hair must not be too slack» 
lary to press pretty hard ou 
^Nl^brf^jJo'prhSiSse.^ tone sooner, 

, particular .figure, you 

must it suMdu^ntt. opiate, in order that you 

be ivlwVO where 

a vihHtting part, wilt occur* I'he greatest rest ifrili always 
be where two or more lines intersect each other,^and:aTich 
places must in particular be dacupo^l. For e>fample, in 
fig- 7 you must damp the part it, and stroke with the bow 
jn p. Fig, 11 may be produced with uo less ease, if you 
hold the plate at r, and stroke with the bow The 

strongest v^ration seems abi ays to be in that part of the 
edge which is bounded by a Curv«; for exainpTe, in fig. B 
and fig 9f atn* To produce these tigurea therefore, you 
fttHBtHTub with the how at n, and not at r. y 

V You'ixuist however damp, not only thoA po|p4f whbre 
4W)frIjne0 intersect each other^ but support 

at Imt one which is suited to*iliat^^ure, and to ito other* 
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F^ when yon a ttfid 6g* Atid-ruh^ 

with the bow at c^ f&g. t af«^ may ^rodhced ; faeettM 
both these figures have these t#o poinb at rest* To pro* 
ductf Ag.9, you must support with one finge^the pait tf 
and rub with the bow in r; but T cannot be pro* 
daced in this hhanner, because it has hot''the point e al 
resL '' 

One of the greatest difHcultiea in produeitrg the figures. 




wbIpiS belong to a certain figure, and tone ombr* Hence, 

when one h not abte to damp thofie pollfta which 

guish one figure from another, if the rictin bow be rubbed 

against the plate, several hollow 

the sand forming itself 

aci^iiire by experience a-readiness, ih 

out among these tones, that 


figute, and to produce it on 
against it. ,When you 
in this respect, you can,m^hnffifi!| 
obbsid^able^W^e of 

duced, and even tlie ^Uy con^ 

oeiyed, that you must^t forge^^itft porJE 'eftbe plate, 
and,in 'Wliat manner you damped^ ahd you may mark 
ih^ ppints by making a scratch on the plate with a bit 
bf^dint.' 




Wm 




"pro* 


When the plate has acquired the proper vibration^ you 
must endeavour to keep it in that state for some seconds; 
which can be best , done by rnbbingthe bow against it se^ 
veral times in succession* By these means the aand will 
be fOTmed much more accurately. 







